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This report investigates experinentally the stresses occurring i 

around one quadrant of a centrally-located reinforced elliptical dis- 
continuity in a steel I bean subjected to pure and complex bending. The 
reinforcement, in the form of a flat bar ring, is varied from an excess 
breadth to as small a breadth as possible at a constant thickness approxi- 
mately equal to that of the web. For each reinforcement the beam was 
tested in pure bending and at three ratios of average shear stress to 
maximum bending stress at the section of the opening as calculated for 
the intact beam. The stresses at seventeen selected points in the v/eb, 
reinforcement and flanges were derived from strains observed from Baldwin 
SR-4 electrical strain gages in conjunction with "stresscoat” diagrams. 
Stress concentrations are expressed by the stress concentration factor, 
defined as the ratio of the observed stress at any point to the calculated 
principal stress at the point in the intact beam. 

The principal results are 

1, Stress concentrations of considerable magnitude do exist 

in the reinforcing ring and in the web adjacent to the discontinuity, 

2, Stress concentration factors In the web at the neutral 
axis are large and vary directly with breadth of ring and inversely 
with ratio of shear stress to bending stress. 



3, Stress concentration factors in the reinforcing ring 
vary directly with ratio of shear to bending stress and in- 
versely with breadth of ring. They are little affected by 
breadth of ring below breadths of 7 times the web thickness, 
where the factor has a value of 1.61, but show a rapid increase 
as breadth of ring is decreased further. 

4. For the dimensions of elliptical opening tested (minor 
axis equal to 0,4 depth of beam, major axis equal to 1.5 minor 
axis before reinforcement added), stresses in the flanges are 
little affected by the opening, reinforced or unreinforced, 

5. The greatest observed value of the stress concentration 
factor, 3.04, occurred in the web at tho neutral axis, 

6, It was found that Increased shear caused a marked in- 
crease in the values of the stress concentration factor in the 
reinforcing ring over those for pure bending, Trith the result 
that yielding would take place first in the ring. 

The recommendation is made that the breadth of reinforcing rings 
around elliptical openings in beam webs be made not less than 7 times 
the thickness of the web, where the ring thickness is the same as that 



of the web 



INTRODUCTION 



Discontinuities, either for the purpose of weight reduction or 
access, occur frequently in such ship structural menbers as floors, 
frames, deck beans and longitudinals. In practically every instance 
the neiaber is loaded as a beam in complex bending, i, e, with the pres- 
ence of both shear and btending. In the case of longitudinals, axial 
tensile and compressive forces are also present. It has long been 
recognized that stress concentrations exist around discontinuities in 
plates and as a plate is more readily subjected to raatheinatical analysis 
several theoretical solutions have been made. In recent years, various 
investigators have }given thought to the problem of the beam, making use 
of the analysis of the plate. 

That the effect of peripheral reinforcement about a discontinuity 
was to reduce the stress was shown photoelastically by Ruffner and 
Schmidt (1) for reinforced and non-reinforced centrally-located web 
cut-outs in a beam subjected to both shear and bending, Timoshenko (2) 
made an approximate solution of the stress distribution in a plate with 
a circular opening, reinforced by a face plate or bead of welding, sub- 
jected to xmiform tension. He found that the cross section of the bead 



•Numbers in parentheses indicate references in the Bibliography 



was the deternining factor and that the larger the cross section of the 
bead, the snaller the stress concentration became, A bead in the form 
of two angle bars gave the same results as a bead consisting of a flat 
plate alone, 

Sezawa and Kubo (3), conducting their investigations with the use 
of gelatine models with reinforced circular openings under tension, 
found that there was a stiffening ring width beyond #iich, if it were 
increased, no further reduction In the stress concentration was obtained 
Experiments made by Ballinger and Oberroeyer (5) of the tensile stress 
distribution around a reinforced ovnlold opening (consisting of two semi 
circles joined by a parellel section) indicated the presence of concen- 
trations at the Juncture of the circular arcs and the parellel section, 

A theoretical solution for an ovaloid opening in the web of a 
beam subjected to pure bending was obtained by Joseph and Brock (6), 
Their results are shown by the dashed line in Figure VII, 

A theory of notch stress, developed by Neuber (7), gives a solu- 
tion for a small elliptical hole in a bar subjected to complex bending, 
the axis of the bar being parallel to the major axis of the ellipse, 

??ith an elongated ellipse of small dlrtensions relative to the width of 
the bar, he states that the increase of local stress is essenti/illy due 
to tho presence of shear. 



Since the majority of previous investigators of this subject have 
dealt only with the conditions of uniform tension or pure bending, which 
are only approximations to the actual loading encountered by the struc- 
tural member in a ship, the subject selected for the present study is 
a beam having a central elliptical discontinuity of variable reinforce- 
ment loaded in complex bending, (Figure I), The elliptical shape was 
chosen for the purpose of comparing its concentrations with those of 
the ovalold. The reinforcement was varied from an excess amount to as 
small a value as practicable in order to ascertain whether the results 
of Sezawa and Kubo (3) would hold for complex bending. To indicate the 
relative degree of shear and bending for any particular condition of 
loading, the parameter , the ratio of the nominal shear stress to 
the maximum bending stress at the section, is used, X is here defined 
as the shear at the section divided by the product of the depth of the 
beam by the thickness of the web, 6 ^ represents the bending stress at 
the extreme fibre. For the calculation of these ratios, the intact beam 
is used. 

The application of the electrical wire strain gages to an eleven 
foot steel model was deemed the most expedient method of attaining the 
desired results for this three-dimensional problem. The thickness of the 
reinforcement was held constant while the breadth was reduced in five 
successive steps to the least possible amount allowed by the presence 
of the gages themselves. For all tests the beam was simply supported in 



the Riehle 100,000 Pound Testing ftochine shown in Figures III - VI, 

Strain measurements iinder the loading conditions shovm in Figure II 
were made on the surface of the stiffening ring, on both sides of the 
adjacent web, and on the flanges by gages located as in Firrure I. Stress 
concentration factors were obtained for each gage location. 
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PROCEDURE* 

A suitablo beam was selected, which, due to its modulus and length 
and by variation in the location of supports and load, would produce 
ratios of nominal shear stress to bending stress (5^) between 0,2 and 
0,5 at the center of the section to bo Investigated, Ratios of shear 
stress to liending stress of 0,2, 0.35, and 0,5, as well as pure bending, 
were chosen as one of the parameters of the investigation. The second 
paremeter was the variation in ?ridth of the flat bar stiffening ring 
installed as shown in Figure I, Five widths of stiffening ring were 
test-'d. 

The b^am used for tho t°st ms a 12” x 6-|-” x 25if wide flange high 
tensile st^el beam eleven feet long. The high tensile steel permitted 
greater loads to be applied to the beam and consequently produced greater 
strains, thus tending to reduce errors in strain measurement. 

The -i-" X 2h" mild steel flat bar stiffening ring was welded into 
the elliptical hole in which the ratio of depth to length was 1,5. The 
depth of the hole before installation of the stiffening ring was 0,4 
times the depth of the beam. After all welding was completed on the 



^Details of procedure are given in Appendix A 
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beam, it VTas stress relieved by bein^ heated up to 1125°F, hold at that 
temperature for 1 hour, and allo^/ed to cool in tho furnace. 

Standard flat plate tensile specimens were made to determine the 
modulus of elasticity of the beam and the stiffening rin^. 

Since the strains induced in the section under investigation v/ere 
to be measured by Baldwin SR-4 Strain Gages, it vms essential to deter- 
mine their proper location and orientation in order that the most 
information be obtained with the least number of gages, A series of 
stress coat tests wore performed to gain this information and are recorded 
in Figures XV through XVII. Stress coat is a brittle coating which cracks 
along lines normal to the principal tensile strains. 

Type A-S strain gages were used throughout the toot because of their 
small size and short gage length (l/S inch). This was necessary in order 
to obtain a number of strain readings in the web adjacent to the stiffen- 
ing ring where space was limited, and, in the stiffening ring itself. 

The strain gages were cemented to the bean and allowed to dry for 
a week before being used. Gage locations and orientation are shovm in 
Figure I, 

The stirain gages were connected as shown in Figure XLII with one 
compensating gage used in conjunction with all the active gages to take 
account of temperature effects. Switching from one active gage to the 
other was accomplished by using two Baldwin 20 point switching units. 
Strains were measured directly in micro-inches per inch with a Baldwin 
Portable Strain Indicator, ’rlodel K. 
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For oach stiffonin^» rinr v/idth tha beari v;as loaded successively as 
shown in Figure II by the Riehle 100,000 pound testing tr.achine pictured- 
in f’ipures III thru VI, The three tests for ratios of shear stress to 
bonding stress plus the pure bending test gave four points to be used 
in plotting the results of the tests. For each loading conrMtion, the 
zero reading was taken for e^ach gage, then the load applied in four in- 
crenents to the loaxinum load, and then reduced by the same incroaento. 
Strain readings were recorded for each incronent of load increasing and 
decreasing as well as the. initial and final zero readings in order to 
check the reliability of the gages. 

The stiffening ring width was reduced by clamping the bean, with 
the ?/eb horizontal, in a shaper, then cutting transversely across the 
ring from one side to the other. This method proved very effective, 
since the rate of cutting was slow cnoueh that the heat generated was 
insufficient to adversely affect the installed strain gages. 

The stiffening ring was reduced in successive steps to 7/l0” which 
y;as as narrow as it could be made without risking damage to gages in- 
stalled on the stiffening ring and on the web. 

After completion of all tests, the web gages were removed and 
another stress coat test y/as made for a shear stress to bending stress 
ratio e» 0,5 in orc^or to determine how nearly the strain cracks conformed 
to those originally obtained with the stiffening ring width inches. 
Those results are shown in Figure XVIII and are superimposed for com- 
parison on the original dota as shoTTn in Figure XV, 



Thfi stress concentration factors determined in this experiment are 
obtained by dividing the experimental value of streSvO by the calculated 
principal stress nt the same point in the intact beam. 
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RESULTS 

The results of this investigation are embodied in Tables I-V, 
inclusive; Figures VTI to XIV-D, inclusive; and Figures XV-XVIII, 
inclusive. 

Tables I-V give the value of the principal stress derived from 
the observed strains for every gage location and each condition of 
loading. These are compared with the calculated principal stress for 
the same point by means of the stress concentration factor, which is 
defined as the ratio of the derived stress for the beam with the rein- 
forced discontinuity to the calculated stress for the Intact beam. 

Figures VII to XIV-D are graphical represontations of the results 
incorporated in Tables I-V, and show the variation of stress concentra- 
tion with the two basic parameters: (1) broadth of stiffening ring, and 

(2) ratio of the nominal shear stress to the maximum bending stress (/^) 
taken at a section coincident with the vertical centerline if the ellipse, 
for the intact beam. Nominal shear stress is defined as the shear force 
at the section divided by the product of the depth of the beam times the 
thickness of the web. For the stiffening ring, results are first pre- 
sented, in Figures VIII, IX, and X, by graphs of stress concentration 
factor as a function of distance along the elliptical arc of the stiffening 
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ring surface raeasured from the vertical centerline. Figures XI and XII, 
which are the cross c\irves of Figures VIII, IX, and X, show the variation 
of the factor with the two basic parameters. For the web, the value of 
the factor as found in Tables I-V for gages 13 and 14 is plotted against 
the two basic parameters. These gages were selected because only minor 
stress concentrations were found to be present at all other web gage 
locations, except for the smallest breadths of stiffening ring. 

Figures XV, XVI, and XVTI, in Appendix D, show the lines of the 
cracks in the stress coat for load conditions /(^ » 0,20, 0,50, and pure 
bending. From these diagrams, 0, the angle between the axis of the gage 
and the principal tensile strain (the orthoronal trajectories of the 
crack linos), was determined. The values of 0 for * 0,35 were ob- 
tained from those for 0,20 and 0,50 by linear interpolation. 
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Figure XI 
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Figure XII 
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Figure XIV 
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Figure XIV-A 
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Flgure XIV-B 
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Figure XIV-C 
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DIXUSSIon OF RESULTS 

From a study of Tables I-V it is found that the location of the 
hi{^hest stress in the vicinity of the opening varies with ratio 
and breadth of stiffening ring. F'igures XIV-A,-B,-C, and-D show the 
magnitude of the maximum stress as derived from the gage readings for 
the most highly stressed points in the web, flanges and stiffening ring. 

The stresses for the web are taken from the readings of gages 13 and 14, 

those for the flanges from gages 20 and 21, and those for the stiffen- 
ing ring from gage 17, except those for pure bending which are taken 
from gage 19, farthest from the neutral axis* 

The web is the most highly stressed member at low ^ ratios, but 
at 5^ a , 50 or irreatcr, the location of the greatest stress is in the 
stiffening ring. The magnitude of this ring stress is high, and it is 
evident that yielding will occur in the ring before the web and flange 
stresses reach even a moderate value. If the breadth of the ring is 
less than four times the thickness of the wob, the ring is the most highly 

stressed member for ratios above 0,35. When there is appreciable 

shear, it appears that there is always the likelihood of yielding in the 
ring, if its cross-sectional area is small. Hence for an unstiffened 
opening, the stresses ytIII be high at the edge of the hole if there is 



anpreciable shear 



I 




Since the magnitude of the naxinmia web stress is always greater 
than the flange stress it is evident that yielding will take place in 
the web before it occurs at the extreme fibres, except when is 

less than 0,20 and the breadth of the ring less than times the web 
thickness (Figure XIV-A) , Thus it is seen that the magnitude of the 
stress concentrations in the web and stiffening ring are greatly af- 
fected by the degree of shear. 

Stiffening Ring 

From the results obtained in pure bending, Figure VII, it is seen 
that the variation of stress concentration along the elliptical arc 
resembles closely the theoretical curve derived by Joseph and Brock (6) 
for an unreinforced ovaloid. Due to the fact that all reinforcement 
could not be removed without disturbing the gages installed, the stress 
concentration factors found for the elliptical hole are slightly less 
than tho values given by the theoretical curve. Other differences 
between the observed and theoretical curves may be due to the difference 
in the shape of the opening. The experimental work of Karl, Heller, and 
Gerich (B), using a photoelastic model with an ovaloid opening, is also 
in good agreement with the theoretical curve. Both show that a reversal 
of stress takes place, as Figure VII indicates. 

As shear is introduced, it is seen from Figures VIII, IX and X that 
the location of the maximum stress shifts toward the mid-length of the 
arc and is everywhere tensile. For ^ » 0.20, the maximum value occurs 



at about 55^ of the arc loni^th for each breadth, and shifts to about 
60^ for * 0*35 and 0.50* It will be seen in Tables I-V that the 
concentration factors for the web gages, although smaller than those 
factors for the stiffening ring gages, show a slightly greater factor 
in each case for gages 7 and 8, situated nearly adjacent to the point 
for of arc on the ring. Thus it is evident that the reinforcing 
ring is assuming a very large share of the load of the web in its 
vicinity. 

Figures XI and XII are of most interest since they show the varia- 
tion of maximum stress concentration factor with breadth of reinforcing 
ring and with loading condition respectively, ^ith an increase of shear, 
the factor increases rather rapidly at first and then tends to approach 
a maximum value at a decreasing rate. At «s 0,5, the factor for the 
7/16" ring is 1,6 times as great as that for the 2^" ring. The factor 
remains below 1,60 for breadths greater than 1^", but at lesser breadths 
there is a rapid increase. This ring breadth of 1^-" may be compared with 
the breadth of 1.43”, which would replace the weight removed from the 
beam in cutting the elliptical opening. Hence if stresses are to be 
kept within the yield point, it is evident that the weight of stiffening 
required will slightly exceed the weight reraovod in the opening. 

The influence of shear may be seen clearly in Figure XII, where the 
curve for pure bending lies well below those for the conditions with shear. 
Taking as an example the values of the factor for the case of the ly" 
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stiffening ring, in pure bending the factor is 0.92, whereas at tr 0,50 
the factor is 1,61, or an increase of 75%. Thus it appears again that 
the degree of shear to which the section is subjected is of considerable 
importance , 

The results obtained in pure bending are in agreement with those 
obtained by Ryan and Fischer (4) for the case of an unreinforced circular 
opening. They found that when the ratio of the diameter of the opening 
to the depth of the bean is less than the maximum stress occurs in 
the outer edge of the beam. In the present case, the ratio of the minor 
axis of the elliptical opening to the depth of the beam is 0,362, and 
it will be found from Table V, minimum reinforcement, for the case of 
pure bending, that the maximum stresses occur in the outer edge or flange 
gages (nos. 20-29)* 

Web 

The high stress concentration factors found at the location of gages 

13 and 14 are of interest, since the calculated stress for the intact 

beam is least for this point on the neuti*al axis. It is seen from Fig- 

</ 

ure XIII that the maximum factor obtained, 3*04, occurs at n 0,20 
and is about the same for the 2 ^”, 2 l/S” and 1^" stiffening ring. An 
increase of the factor with decrease of shear and increase of stiffening 
ring is contrary to the behavior of the factor for the case of the 
stresses in the stiffening ring itself, previously mentioned. 



Neuber (7) showed in his theoretical solution for stresses around 
a small elliptical opening in a bar subjected to bending and shear that 
there was a marked stress concentration duo to shear just beyond the 
ends of the opening on the major (neutral) axis, which decreased to 
zero at the edge of the bar. His analysis vms based on an elongated 
elliptical opening in a bar of' relatively great width compared to the 
width of the opening. Using his formula for the maximum shear stress 
concentration 

'Z 




where t’ n length of semi-major diameter 

■ radius of curvature of ellipse 
at end of semi-major diameter 

b B ^ depth of the bar 

d a thickness of the bar, 

the maximum stress concentration factor is found to be 2,25 for the 
ellipse investigated. Since this calculated value is for an unreinforced 
opening and results show a decreasing value of stress concentration with 
reduction in stiffening ring width, the maximum stress concentration of 
3.04 appears reasonable. 
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he stress concentration factor has been defined as the ratio of 



the observed stress to the theoretical stress of bean theory for the 
intact beam. The factor for gapes 13 and 14 would therefore approach 
infinity in pure bendinp, since the theoretical stress is zero at the 
neutral axis. For the beam with the opening, the latter will of course 
not be the case, since stress will arise on the neutral axis because of 
the presence of the oprninp. This is the reason that the factor in 
Figures XIII and XIV approaches infinity as 7^ approaches zero. 

A consideration of the variables involved in the expression for the 
calculation of the principal stress from observed strains v/ill Indicate 
wliich of these variables is at this point exerting the greatest influence 
on the derived stress. Consider, for exa^mple, the values given in Table 
I for a 0,20 for gages 13 and 14, The strains * 315, 

^ vj » -2?5 are not significantly different in magnitude from the other 
web gages 1-12 and are nearly equal numerically but of opposite sign. 

The angle 9, however, has the value 36,2 degrees. Secant 2 9, as used 
in the calculations, page , becomes secant 72,4 = 3.307, v/hich is 
three times as large as its value for the angles in the case of the other 
web gapes. Furthermore, a reasonable maximum error of 0.5 degree in 
measuring this angle from the stresscoat diagram. Figure XVI, would 
result in a change in secant 2 0 of 5.^, which would be reflected in 
the value of the derived stress. Using equations (1), (2), and (3) 
given in the Appendix, page , in this case the stress concentration 



factor would be changed by 4.45^, a figure which represents the maxinum 
expected error for gages 13 end 14. It is evident, however, that this 
error is not sufficiently large to effect the validity of these results, 
which were confimed by the results of the later teste with the supple- 
mentary "A” gages located at the former position of gages 13 and 14, 
as shown in Figure XXIV, The results obtained from gages 7A, 8A, and 
9A in the Appendix, page ^ , indicate that a stress concentration of 
the same order of magnitude occurs on the other side of the ellipse. 

At gages other than 13 and 14, the factors obtained for stresses In the 
web are comparatively low. 

The stress concentration factor on the outer surface of the flanges 

of the beam is invariable below unity, except for pure bending, where 

it reaches its maxiinuin observed value of 1,03 for the 7 " ring in Table 

16 

V, The factor decreases moderately with increase of T ratio for con- 

<r 

stant ring breadth but does not show any appreciable change with varia- 
tion of ring breadth at constant T , This indicates that the maximum 

(T 

stress in the flanges is very little affected by a web discontinuity of 
the proportions tested, a result substantiated by previous investigators 
(4) . 

For conditions of loading other than pure bending, the factor shows 
its greatest value on the flange in way of the centerline of the opening 
(gages 20, 21), It decreases moderately with distance toward the left 



support, but rises to another maximum (less than the first) in way of 
the left end of the ellipse (gages 2S, 29), never attaining, however, 
values greater than unity. 

For the case of pure bending, the situation is reversed. Here the 
miniraum factor always occurs at the centerline of the hole, while all 
gages to the left show slightly higher values, never exceeding 1,03, 

A typical variation of the factor with distance from the vertical center- 
line of the ellipse is shown in Figure XLIII, 

Figures XXII to XXXIX inclusive show the relationship between load 
and gage reading for every gage for the tests of the l|-” stiffening ring 
breadth. It is seen that this relationship is essentially linear after 
initial loading has removed any transverse twist in the beam due to errors 
of manufacture. After the stiffened opening was fabricated into the 
beam, it was discovered that the centerline of the web was offset l/^” 
from the centerline of the flanges. It is felt, however, that this fact 
does not appreciably affect the accuracy of the results. 
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CONCLUSIONS 



Stress concentrations do exist around q reinforc€)d elliptical 
discontinuity in a beam subjected to complex bending-. 

If the thickness of the reinforcing ring is the sane as that 
of the web, it appears that, from the relative magnitude of 
the stresses, yielding will take place in the web at the neu- 
tral axis before it occurs in the extreme fibres, if is 

greater than 0,20 and the breadth of the ring is less than 3^ 
times the thickness. 

Yielding will occur first in the stiffening ring if /<s is 
greater than 0,50, irrespective of the breadth of the ring. 

If the breadth is reduced to L times the thickness, yielding 
will occur first in the ring if is greater than 0,35* 

The ra''gnitude of the stress concentration in the reinforcement 
varies directly v/ith the degree of shear and inversely with 
its cross-sectional area. The variation is not linear. 

The magnitude of the principal stress concentration in the web 
of the beam at the neutral axis varies inversely with the degree 
of shear and directly with the cross-sectional area of the rein- 
forcement, The variation is not linear. 



6, The nagnitude of the stress at the nost extreme fibres of a 
wide flange I beaifl is vp.ry little affected by the presence 
of a centrally-located elliptical discontinuity, reinforced 

or unreinforced, whose depth is less than 0,36 tines the depth 
of the bean, 

7, In pure bending, the stress concentration factor nowhere 
greatly exceeds unity. In the stiffening ring, a reversal 
of stress occurs which disappears with the introduction of 
shear. 

Stress concentration factors for the bean are not materially 
Influenced by the width of reinforcing ring until the width 
is reduced below 7 times the thickness of the web. 



VII 



REC0:TOn3ATI0NS 



The authors recomend that 

1, Further investigation be Tnade of the stress distribution 
along the neutral axis of a bean in the vicinity of a 
reinforced discontinuity, the beam being loaded in complex 
bending, 

2, A series of tests of ultimate strength be conducted for 
beams with various breadths of reinforcing ring. Since 
some local yielding due to high tensile concentrations 
is not harmful, the ultimate strength of the beam with 
the stiffened opening nay actually exceed that of the 
intact beam, 

3, For an opening constructed and reinforced similarly to 
the one tested, that the breadth of the reinforcing ring 
be not less than 7 times the thickness of the web. 
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AP^^ ^IDIX A 



DKTAILS OF PROCKDTIRS 

A« Bean Selection and P'abrlcfltlon 

The decision having been made to tost a beam with a reinforced 
elliptical discontinuity in complex bending, it was first necessary to 
decide on parameters and their variation. The parameters chosen were 
the variation in width of the flat bar stiffening ring and the variation 
of the ratio of nominal shear stress to bending stress in the intact 
beam at a section corresponding to the center of tho major axis of the 
elliptical opening. The beam was simply supported, the load being applied 
at a point 21,5 inches from the center of the hole, and the variation 
in the ratio of shear stress to bending was effected by varying the dis- 
tance of the supnort beyond tho hole, as shotm in the loading diagrams, 
Figure II, 

The value of shear used in determining the ratio of nominal shear 
stress to bending stress, hereinafter referred to as was obtained 

by dividing the magnitude of the variable reaction "v" by tho product 

of the depth of the beam "h" tines the thickness of the web t, i, e,, 

dT V 

9 | • 

h t 

The bending stress used w«s that obtained at the surface of the 
beam flanges as calculated by the ordinary bonding stress formula. 




It was desirable to have as large a variation in the ratio of 
shear stress to bonding stress as possible and, with this in r.ind, 
a 12” X 6g^” X 25# wide flange bca’n, eleven feet long was selected. 

This choice was also influenced by the size of the testing nachine 
available as pertains to length and flange width of the. specimen, 
and the desire to have a beam which could be handled easily. A 
depth of less than twelve inches did not appear feasible cohsidering 
the amount of space required for strain gage installation. 

The elllptlcally shaped hole was chosen since it permits a large 
access area for a given bean depth. The true elliptical shape was 
used in preference to two semi-circles joined by a straight section, 
since Obermeyer and Ballinger (5) found stress concentrations were 
set up at the points of tangency of the straight and semi-circular sec- 
tions, The hole cut in the beam before the ro inf or cement was installed 
was Z,B inches high by 7,2 inches long. This corresponds to a height 
of 0,4 of the beam depth and the major axis of the ellipse 1.5 tinea 
minor axis, 

A high tensile steel bean -.vas obtained from and the stiffening ring 
inst-olled at the Boston K^val Shipyard, The stiffening ring was fabri- 
cated from a x 2^" mild steel flat bar and welded into the elliptical 
hole in two sections, with a v- weld at each end of the ellipse at the 
neutral axis as shown in Figure I, In addition to the installotion of 
the stiffening ring, additional web stiffeners, cut from 10 pound plate. 



wore installed on either side of the web at a distance of 31 and 62 
Inches to the right of the hole center line as shown in Figure 2, 

These stiffeners were installed to reduce any tendency of the beam 
to twist and to carry the concentrated load into the beam web. 

After all welding had been completed, the entire beam was placed 
in a furnace and stress relieved. The tenporature in the furnace was 
raised from room temperature to approximately 1125°F at a steady rate 
over a period of 6 hours and 45 minutes. The furnace teraperature was 
maintained at 1125°F for 1 hour, then the furnace was secured and the 
beam allowed to cool in the furnace for approximately 17 hours, 

A standard flat plate tensile specimen in accoi*dance with ASTM 
specifications was cut from the web of an excess portion of the bean to 
determine the modulus of elasticity. The modulus of elasticity was 
obtained as sho?m in Figure XL and Table XIII, A corresponding tensile 
specimen was made from a -j-” x 2^" mild steel flat bar to determine the 
modulus of elasticity of the stiffening ring. The results of this ten- 
sile test are shown in Figure XLI and Table XIV • Both tensile tests 
were performed in the Baldwin Southwark 60,000 pound testing machine 
and the strains were measured by a pair of Huggenberger Tensometer gages 
mounted opposite each other to eliminate any bending effects, 

P, Stress Coat Tests 

In order to determine the linos of principal tensile strain aroimd 
the access hole, it was necessary to run a series of stress coat tests, 
Strcsscoat is sensitive to temperature and humidity which determine the 



proper coatirif" for any given atnosoheric conditions, Psychrometer 
readings of wet-and-dry-bnlb air te’^peratures were taken in the room 
where the specimen was coated and allowed to dry. Using these two ten- 
perature readings, the stresscoat calibration chart was entered and the 
specified coat selected. The area to be stresscoated was carefully 
power wire brushed and cleaned with a solvent (J.tethylisobutylketone) , 

An aluminuin-piginented undercoating was sprayed over the surface in order 
to accentuate the stress coat cracks. After the aluninua coat had dried 
about 15 minutes, the stresscoat was sprayed on, using care to spray the 
coat on evenly and not too thick. Calibration strips were coated with 
stresscoat at the same time as the beam. The calibration strips, when 
loaded as a cantilever in the calibrating device, show the approximate 
sensitivity of the coat which has been applied to the specimen being 
tested. The nearer the strain cracks approach the point where the cali- 
bration strip Is loaded, the more sensitive the coating, 1, e,, the less 
stress is required to crack it. After allowing the coating to dry 24 
hours, the beam was tested for » 0,2, but the results were incon- 

clusive, The stresscoat ms crazed and the 55,000 pound load on the beam 
was insufficient to crack the stress coat excepting a small area in the 
web near the outer flanges. The calibration strips showed a strain 
sensitivity of 0,0006 corresponding to a stress of approximately 1R,000 
pounds per square inch. 



This stress coat was roinoved, the beam cleaned, and another coat 
applied, using the procedure described above. The technique for spray- 
ing the stress coat was better and a more uniform coat vras obtained. 

The strain sensitivity for this coat was 0,00112, corresponding to about 
33,000 psi required to crack the stress coat. This figure, coupled r/ith 
the previous test, showed that the coat must be made more sensitive if 
any cracks were to be obtained. Due to the method of loading and the 
stress concentration directly beneath the load, the beam would yield at 
this section before it was possible to have sufficiently high stresses 
in way of the hole to crack the stress coat possessing this low senai-- 
tivity. The beam was loaded to approximately 40,CXX) pounds and the area 
to which the stresscoat had been applied was suddenly cooled by a blast 
from a CO^ fire extinguisher, A pattern of very fine cracks was obtained. 
These cracks were viewed most clearly by shining a flashlight on the sur- 
face at an angle in order to accentuate the discontinuities in the stress 
coat surface. To obtain a permanent record of these crack patterns, the 
contour of the cracks was first sketchc?d on the beam in soft red pencil 
and then copied directly on tracing paper which was cut to fit on the 
beam v/eb over the stress coated area. This tracing was oriented by cen- 
terlines scribed on the beam. An alternative method of recording the 
cracks is to use a red dye etch on the surface, wipe it off and photo- 
graph the strain pattern ns outlined by the dye remaining in the cracks. 
However, the strain lines are so close together ^en obtained by suddenly 
chilling the beam that differentiation between the lines is rather poor. 
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The tracing procedure proved satisfactory and was used to record the 



XV thru XVII, 

C, Strain Gare Installation 

The stress coat tests gave lines which were nomal to the principal 
tensile strains. Because of the expense of the pages and limitation of 
time, only one quadrant of the ellipse v/as selected for detailed inves- 
tigation, Figures JM and XVI showed that the greatest positive strains 
in the stiffening ring would occur in the lower left hand quadrant for 
the beam oriented as sho'.7n with the load to the right side of the hole; 
accordingly this quadrant rms investigated. 

The desire to get as near the stiffening ring as possible on the 
web, and to have the strains at a number of points, necessitated a 
relatively small strain gape, and precluded use of the rosette type. 

The gage best suiting these conditions as determined from Baldvrln 
Bulletins (9-10) was the type A-^, SR-4 cupro nickel wire strain gage. 
These gages have a l/^ inch gage length so the strains measured were 
quite well pin-pointed. To limit the numbcjr of gages to be installed 
in the web, only seven gages were applied to each side with the adjacent 
rages oriented nomal to each other as shown in Figure I, In order to 
utilize this method, it was essential that none of the strain gages make 
an angle of 45° ^Tith any of the lines of principal strains, because in 
combining the measured strains in Mohr’s circle using twice the angle 
between the axis of the gage and a line normal to the strain cracks at 



strain cracks for 




bending as shown in Figures 
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the fjage, an indeterniinate condition would obtain if this ani^le were 
»7ith this in mind, it ms found by examining the stress coat patterns 
for all conditions of loading that the optimum gage orientation was 20° 
to the horizontal axis of the beam, with alternato gages normal to this 
orientation. Gages were placed in the same position and orientation on 
opposite sides of the web to eliminate the effect of any bending or 
twisting which night be introduced. 

Five gages were placed inside the stiffening ring extending from 
the major axis to the minor axis of the elliptical arc chosen for invest! 
gation. These gages were placed in the vertical centerline plane of the 
web. Ten gages were placed on the top and bottom flanges of the beam, 
in a line coinciding with the centerline of the web and extending from 
the vertical centerline of the ellipse to a point approximately the same 
distance out as the gages installed on the neutral axis. It was desired 
to measure the strains in the flanges as well as the strains about the 
hole since Ryan and Fischor (4) found in studying beans with a central 
holte subjected to pure bending, that, if the ratio of the diameter of 
the hole to the depth of beam is less than the maximum stress occurs 
on the outer edge of the bean and is approximately equal to the stress 
in the beam without the hole. If the ratio is greater than ^ the edge 
of the hole becomes critical. 

With the gage locations established, the area to receive gages was 
roughened with No, 000 sand paper and each gage location marked on the 
bean, Duco Household Conent was used to cement the strain gages in place 
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The gages were covered nith sponge rubber backed by a niece of 3-ply 
wood and held in place by clanps. The clamps were tightened Just suf- 
ficiently to hold the sponge rubber in place. The clamps were removed 
after two days, but the gages were allowed to dry for a v;eek before 
being used. Before soldering on leads of Ho, 20 copper wire, all the 
gages were checked means of a volt-ohnmeter for continuity, grounds 
and specified resistance. All connections were soldered using rosin 
core solder, 

D, Instrumentation 

The instruments used to measure the strains were two Baldwin SR-4 
Twenty-point switching units and a Baldwin Portable Strain Indicator, 
Model K, The switching unit combines a unique circuit which virtually 
eliminates all errors due to contact resistance. One dummy gage was 
used for all measurements and was mounted on the tensile test specimen 
taken from the beam web. During all tests this specimen was resting on 
the lower flange of the beam adjacent to the gages being tested, as can 
be seen in Figure VI, In order to utilize only one dummy gage with the 
switching units, all the dummy gage terminals on the end of the switch- 
ing units wore connected in series by a bare copper wire. The dummy 
gage terminals in the two mritching units were then connected together. 
This wiring set up, as shown schematically in Figure XLII, permitted all 
gages to be switched into the Strain Indicator witiiout shifting any 



connections 
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E. Recording of Dat^ 



”/ith the bean installed in the 100,000 pound Riehle testing nachine 
as shoim by the loading diagrans, Figure II and photographs Figures III 
through VI and all the instrunents and gages properly connected, it was 
possible to start recording data, 7?ith the beam in position for a given 
ratio of shear stress to bending stress, or pure bending, as the case 
might be, an initial reading ms taken for all strain gages using the 
strain indicator, which gives readings directly in micro- inches , The 
load ms applied in four increments up to the naximum load and then de- 
creased by the same increments dovm to zero. Strain readings were 
recorded for each increment of load, both increasing and decreasing. 

The strain for each load in each case is the difference between the 
value read at the load and the initial reading. Approximately 1^ hours 
were required to make a complete set of readings for a given <r ratio. 
Readings were taken both for increasing load and decreasing load in order 
to check the reliability of the gages. Figures XXVII through XXXIX show 
load vs, strain for all gages when the stiffening ring was 1^ inches 
wide, 

F, Method of Reducing Width of Stiffening Ring 

The stiffening ring width was reduced by clamping the beam, with 
the web horizontal, in a shaper then cutting transversely across the 
ring from one side to the other. This method proved very effective 
since the rate of cutting was slow enough that the heat generated was 
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insufficient to adversely affect the installed strain gages. However, 
it required extensive handling of the beam, since the shaper was located 
in the basenent below the testing machine. In an attempt to eliminate 
unnecessary handling, the first reduction in stiffening ring width from 
2^ to 2 1/8 inches was accomplished by using a x 9 inch diameter 
cutting-off wheel driven by an air motor. The air motor was mounted in 
a jig which rested on the edges of the bean flanges so that the piano 
of the cutting off wheel was parallel to the bean vTeb, This method 
proved unsatisfactory because the heat generated necessitated light cuts 
with intervals for cooling and required an excessive amount of tine to 
perform the operation. As tho width of the stiffening ring appraached 
the thickness of tho web there was danger of a chip damaging the gages 
installed on the web. The trim width of the A-8 gages installed on tho 
stiffening ring was 5/16 of an inch while the web thickness was 0,24 
inches. For these reasons the stiffening ring width yms not reduced 
below ?A6 inch which allowed approximately 0,1 inch on each side of 
the web, 

G, Stresscoat Test After Stiffening Rlnff Reduced to 7/16” 

After completion of all strain gage measurements it was deemed 
desirable to make another stresscoat test to determine whether there 
was any appreciable change in the direction of the strain cracks after 
the stiffening ring had been reduced to 7/l6 inch. This necessitated 
the removal of all the strain gages applied to the web. With the beam 



stress coated as before it was tested for a value of « 0,5. The 
results of this test are shown in Fif^ure XVIII, and also are shown super- 
imposed for comparison on the original pattern for this ratio of '^/(p 
In Figure XV, 

H, Installation of Supplementary "A" Garres on the Neutral Axis 

As a result of calculation based on the original data, it appeared 
that an extraordinary high stress concentration existed at tho point where 
gages 13 and 14 were installed on the neutral axis. Since the strains 
normal to the orientation of gages 13 and 14 were extrapolated from gages 
11 and 12 in the manner shown In Figures XIX through XXIII, it seemed 
advisable to obtain these normal strains as near to gages 13 and 14 as 
possible by direct measurement. Therefore, gages were rcinstallfd at 
the same location with the same orientation as gages 13 and 14, plus two 
more pairs of gages as close as possible on either side of the neutral 
axis and oriented normal to the orientation of gages 13 and 14 as sho?ra 
in Figure XXIV, Use of rosette tj»pe gages ?ms precluded by space con- 
siderations . Gages were also plac'^d in a similar location at the opposite 
end of the elliptical opening, but only on one side of the beam, because 
no additional gages were available. The weld in the stiffening ring 
adjacent to gages 13 and 14 had a flaw which became apparent when the 
stiffening ring was reduced down to 3/4 inch width. It was thought that 
this flaw may have given rise to the stress concentration noted at gages 
13 and 14 which are approximately 3/4 inch from the flaw. Since the weld 
was apparently satisfactory on the opposite side of tho ellipse, the 
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Installations of gages hero would indicate whether the weld had a narked 

influence on the stress concentration factor. The location of these 

gages is shown in Figure XXIV, Following their installation, and, using 

the sane procedure as befojre, the beam was tested again for =» 0,2, 

0,35, 0,5 and pure bending, and the data recorded as previously. 

In order to obtain strains normal to the strains for gages 13 and 

14 for all widths of stiffening ring an interpolation plot. Figure XXIV-A 

77as made from data obtained using tho supplementary gages. Provided the 

material is not stressed beyond the yield point, the ratio of strains 

which are mutually perpend iciilar at a given point arc constant for each 

loading condition. Therefore, the average strains for gages lA, 2A, 5A 

1 

and 6A were plotted vs, the average strains for gages 3A and 4A for each 
increment of load. Then, for any stiffening ring width, to obtain the 
strains norraal to gages 13 and 14 which were located and oriented the 
sane as the supplementary gages 3A and 4A, it is only necessary to enter 
Figure XXIV-A with the value of strain read by gages 13 and 14 and read 
off the corresponding normal strain. The method actually used in Table 
XII consisted of multiplying the strains measured by gages 13 and 14 by 
the tangent of tho angle oC shown in Figure XXTV-A, 



TABLE I 



ObseiTred Strains and Stress Concentration Factor for Bach Gage Location 

Stiffening fiing Breadth s 2^*' 



"^2 0.20, Load 377^ Lbs. 


Gage 

Ho. 


Xl 06 




e 

degrees 




^2 

X106 


C5l 

psi 


(calc) 

psi 


Stress 

cone. 

factor 


1.2 

3.^ 

5,6 

7.8 

9.10 

11,12 

13.1^ 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,27 

28,29 


480 

435 

408 

405 

405 

385 

315 


-208 

-100 

- 5 
15 

- 58 
-255 
-295 


10.8 

80.3 

5.4 

88.5 
0.0 

83.6 
36.2 


505.9 

451.1 
411.7 

405.2 

405.0 

393.2 
1016.6 

62.0 

418.0 

538.0 

445.0 

230.0 

728.0 

702.0 

676.0 

654.0 

660.0 


-233.9 

-116.1 

- 8.7 
14.8 

- 58.0 
-263.2 

-998.6 


14490 

13810 

13540 

13550 

12840 

10480 

24120 

1753 

11820 

15210 

12580 

6504 

22060 

21270 

20480 

19820 

20000 


15540 

15190 

14710 

13840 

12600 

10450 

8123 

8215 

9812 

11310 

12590 

13O6O 

23090 

22590 

22130 

21820 

21340 


.93 

.91 

.92 

.98 

1.02 

1.00 

2.96 

.21 

1.20 

1.34 

1.00 

.50 

.96 

.94 

.93 

.90 

.94 


^ =0.35. Load 40000 Lba. 


1.2 

3.4 

5.6 

7.8 

9.10 

11,12 

13.14 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,2? 

28,29 


464 

406 

387 

390 

400 

4l8 

420 


-298 
-136 
0 
28 
- 50 
-308 
-409 


12.1 

77.7 

14.2 

74.7 
1.5 

84.2 
31.9 


— 

501.0 

433.0 
413.5 

419.3 

400.3 

425.7 

944.3 

85.0 

564.0 

654.0 

449.0 

156.0 

549.0 

486.0 

451.0 

429.0 

436.0 


-335.0 

-163.0 

- 26.5 

- 1.3 

- 50.3 
-315.7 
-933.3 


13360 

12760 

13420 

13858 

12760 

11050 

22284 

2404 

15950 

18490 

12700 

4411 

16630 

14720 

13660 

13000 

13210 


15600 

15250 

14690 

14330 

13560 

12190 

10700 

10800 

11880 

12860 

13710 

14040 

17490 

16840 

16220 

15800 

15170 


.86 

.84 

.90 

.97 

.94 

.91 

2,08 

.22 

1.34 

1.44 

.93 

.31 

.95 

.88 

.84 

.82 

.87 



= 57 » 



TABLE I (coni' d) 











- 0.50, 


Load 44000 Lbs. 






Gage 




^7^ 




^1 


^2, 


<3i 


dl (calc*) 


Stress 


No. 


xlO® 


xl06 


degrees 


xlO© 


xlOO 


psi 


psi 


cone. 

factor 


1,2 


490 


-375 


13.5 


51*3.1* 


-427.9 


13870 


16870 


.82 


3A 


420 


-161 


75.1 


464.3 


-205.3 


13390 


16570 


.81 


5.6 


399 


15 


23.0 


483.4 


- 69.4 


15320 


16230 


.94 


7.8 


408 


52 


60.9 


567,8 


-107.8 


17750 


15820 


1.12 


9,10 


430 


- 38 


3.0 


'^31.3 


- 39.3 


13890 


15230 


.91 


11,12 


w 


-359 


84.7 


^.86.3 


-366.3 


12570 


14170 


.89 




505 


-486 


27.6 


877.7 


-858.7 


20790 


13070 


1.59 


15 








119.0 




3365 


13160 


.25 


16 








686.0 




19400 


13980 


1.39 


17 








774.0 




21890 


14740 


1.49 


18 








486.0 




13740 


15410 


.89 


19 








128.0 




3620 


15710 


.23 


20,21 








470.0 




14240 


14960 


.95 


22,23 








380.0 




11510 


I4l60 


.81 


24,25 








342.0 




10360 


13410 


.77 


26,27 








322.0 




9756 


12890 


.76 


28,29 








317.0 




9605 


^,^-.12120 


.79 








Pore Bending, 


Load 44000 LLs. 






1,2 


364 


13 


21.4 


427.7 


- 50.7 


13660 


14610 


.94 


3.4 


342 


2 


59.0 


53^.1 


-190.1 


15850 


14080 


1.12 


5.6 


330 


- 11 


28.1 


466.0 


-147.0 


14000 


13450 


1.04 


7.8 


322 


- 22. 


5 62.6 


448.5 


-149.0 


13410 


12120 


1.11 


9.10 


297 


- 33 


24.4 


382.5 


-118.5 


11516 


9980 


1.15 


11,12 


185 


- 47 


78.0 


196.0 


- 58.0 


5928 


5780 


1.03 


13, l'. 
15 


5 


- 52 




4.0 




113 


387 


.29 


16 








8.0 




226 


4365 


.05 


17 








118.0 




3337 


7475 


.45 


18 








296.0 




8371 


9712 


.86 


19 








301.0 




'8512 


10420 


.82 


20,21 








928.0 




28120 


28870 


.97 


22,23 








926.0 




28060 


28870 


.97 


2^,25 


















26,27 








958.0 




29030 


28870 


1.01 


28,29 








961.0 




29120 


28870 


1.01 



I 



TABLE II 
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Observed Strains and Stress Concentration Pactor for Each Gage Location 

Stiffening Ring Breadth s 2-1/8” 



s 0.20, Load 37740 Lbs. 


Gage 

Ho. 


rio6 


€ 

il06 


degrees 


xlJ6 


^2 

1IO6 


-a 

psi 


C5l (calc) 
psi 


Stress 

cone. 

factor 


1.2 

3> 

5.6 

7,8 

9.10 

11,12 

13.14 

15 

16 

17 

18 
19 

20,21 

22.23 

24,25 

26.27 

28.29 


492 

445 

420 

420 

420 

375 

317 


-230 

- 89 

0 

19 

- 55 

<=.245 

-295 


10.8 
80. 3 
5.4 

88.5 
0.0 

83.6 
36.2 


519.3 

46l,l 

423.8 

420.3 

420.0 

382.9 
1022,9 

60.0 

427.0 

545.0 

465.0 

248.0 

734.0 

701.0 

663.0 

659.0 

663.0 


-257.3 

-105.1 

- 3.8 
18.7 

- 55.0 

-252.9 

-1000.9 


14710 

14240 

13980 

14080 

13360 

10240 

24230 

1697 

12070 

15410 

13150 

7013 

22240 

21240 

20090 

19970 

20090 


15540 

15190 

14710 

13840 

12590 

10450 

8123 

8215 

9812 

11310 

1258O 

13060 

23090 

22590 

22140 

21820 

21342 


.95 

.94 

.95 

1.02 

1.06 

.98 

2.98 

.21 

1.23 

1.36 

1.05 

.54 

.96 

.94 

.95 

.91 

.94 


^6 s 0.35, Load 40000 Lbs. 


1.2 

3,4 

5.6 

7,8 

9.10 

11,12 

13.14 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,27 

28,29 


475 

415 

398 

403 

412 

409 

405 


-325 

-127 

3 

33 
= 59 
«358 
-389 


12,1 

77o7 

14.2 

74.7 

1.5 

84.2 

31.9 


513.9 

432.0 

425.0 

432.9 

412,3 

468.2 

967.2 
85.0 

568.0 

661.0 

460.0 

163.0 

557.0 

495.0 

459.0 

442.0 

443.0 


-363.9 
-154.0 
= 24.0 

3.1 

- 59 c3 

-417.2 

-891.2 


13510 

12810 

13830 

14350 

13070 

11480 

21460 

2404 

I6O6O 

I869O 

13010 

4610 

16880 

15000 

13910 

13390 

13420 


15600 

15250 

14890 

14330 

13570 

12190 

10700 

10800 

11880 

12860 

13710 

14040 

17490 

16840 

16220 

15800 

15170 


.87 

.84 

.93 

1.00 

.96 

.94 

2.01 

.22 

1.35 

1.45 

.95 

.33 

.96 

.89 

.86 

.85 

,88 
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TABLE II (coat'd) 









3>6 


^ c50, Load 44000 


Lt)s„ 






Gage 


e 


€ 

y ^ 


9 


^1 


^2 


^1 


(5i (calc) 


Stress 


No. 


xlOO 


zlo6 


degrees 


xl06 


xl06 


psi 


psi 


coac. 

factor 


1.2 


^8 


=450 


13.5 


556.0 


-5O8.O 


13520 


16870 


.80 


3.4 


426 


»i65 


75.1 


471 oO 


-210.0 


13570 


16570 


.82 


5.6 


408 


7 


23.0 


496.1 


= 81.1 


15630 


16230 


.96 


7.8 


415 


45 


60.9 


581.1 


-121.1 


18060 


15820 


1.14 


9.10 


433 


- 36 


3.0 


434.3 


- 37.3 


14010 


15230 


.92 


11,12 


482 


=405 


84,7 


479.5 


-402.5 


10330 


14170 


.73 




518 


-498 


27.6 


900,1 


-880.1 


21330 


13070 


1.63 


15 








101,0 




2856 


13160 


.22 


16 








705.0 




19940 


13980 


1.43 


17 








786.0 




22230 


14740 


1.51 


18 








501.0 




14170 


15410 


.92 


19 








138,0 




3903 


15720 


.25 


20,21 








473 oO 




14330 


14765 


.96 


22,23 








393.0 




11190 


14170 


.81 


zk , Z 5 








347.0 




10510 


13420 


.78 


26,27 








325.0 




9847 


12900 


.76 


28,29 








326.0 




9878 


12130 


.81 








Pare Beading, 


Load 44000 LIjs. 






1.2 


384 


18 


21.4 


450.4 


- 48.4 


14440 


14610 


.99 


3.4 


368 


2 


59.0 


574.8 


-204.8 


17050 


14080 


1.21 


5.6 


345 


- 15 


28.1 


488,6 


-15806 


14640 


13450 


1.09 


7.8 


329 


- 24 


62.6 


458.7 


»153.7 


13700 


12120 


1.13 


9.10 


313 


- 30 


24.4 


401.9 


-118.9 


12150 


9980 


1.22 


11,12 


193 


“ 35 


78.0 


203.8 


- 45 o 8 


6302 


5780 


1.09 


13.14 

15 


11 


- 33 




5,0 




I 4 l 


387 


o 36 


16 








1.0 




28 


4365 


,06 


17 








132.0 




3733 


7 m 


.50 


18 








307.0 




8682 


9712 


.89 


19 








317.0 




8965 


10420 


,86 


20,21 








940.0 




28480 


28870 


.99 


22,23 








954.0 




28900 


28870 


1.00 


24,25 








972.0 




29450 


28870 


1.02 


26.27 








965.0 




29240 


28870 


1,01 


28,29 








972.0 




29450 


28870 


1,02 



• I* IU|I 




mv\ 



= 60 
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Oliserved Strains and Stress Concentration Factor for Each Gage Location 

Stiffening Eing Breadth 1^” 



s 0.20, Load 3798? Lhs, 


Gage 

Ho. 


e 

X 

xl06 


'J06 


© 

degrees 






< 

1 

psi 


( jI (calc*) 
psi 


Stress 

conc« 

factor 


1,2 

3.^ 

5,6 

7.8 

9,10 

11,12 

13,1^ 

15 

16 

17 

18 
19 

20.21 

22.23 

2^,25 

26,27 

28,29 


506 

475 

447 

440 

434 

374 

323 


-186 

«100 

- 23 
12 

- 48 
-241 

-301 


10.8 

80.3 

5o4 

88.5 
0.0 

83.6 
36.2 


532.1 
491.3 

451.2 

440.3 

434.0 
380.8 

1042.7 

53o0 

445.0 

571.0 

506.0 

264.0 

755.0 

715.0 

694.0 

674.0 

678.0 


-212.1 

-117.3 

- 27.2 
11.7 

- 48.0 
-248.8 

-1020.7 


15570 

15130 

14665 

14450 

13900 

10210 

24700 

1500 

12580 

16150 

14310 

7480 

22880 

21660 

21030 

20420 

20540 


15540 

15190 

14710 

13840 

12590 

10450 

8123 

8276 

9880 

11390 

12670 

13150 

23250 

22750 

22290 

21970 

21490 


1.00 

1.00 

.99 

1.04 
1.10 

.98 

3.04 
.18 

1.27 

1.42 

1.13 

.57 

.98 

.95 

.92 

.93 

.95 


5^(3 =0,35, Load 399^5 


1,2 

3 .^ 

5.6 

7,8 

9.10 

11,12 

13,14 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,27 

28,29 


481 

423 

419 

421 

422 

423 
423 


-270 

-137 

- 23 

27 

- 38 
»302 
-407 


12.1 

77.7 

14.2 

74.7 
1.5 

84.2 

31.9 


516.4 

450.9 

449.2 

452.9 

422.3 

431,7 

948.0 

73.0 

590.0 

694.0 

508.0 
185.0 

564.0 

502.0 

463.0 

444.0 

448.0 


-306.4 

-164.9 

- 30.2 

- 4.9 

- 38.3 

-309.7 

932.0 


14140 

13330 

14570 

14940 

13600 

11310 

22420 

2064 

I668O 

19630 

14370 

5230 

17090 

15210 

14030 

13450 

13570 


15600 

15250 

14890 

14330 

13570 

12190 

10700 

10800 

11880 

12860 

13710 

14040 

17500 

16841 

16225 

15800 

15170 


.91 

.87 

.98 

1.04 
1.00 

.93 

2.09 

.19 

1.40 

1.53 

1.05 

.37 

.98 

.90 

.86 

.85 

.89 
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TABLE III (cont“d) 



0„50, Load ^3950 Lbs„ 



Gage 

5o. 




io6 


e 

degrees 


^1 

xl06 


^2 

3c106 


'^l 

psi 


(calc) 

psi 


Stress 

cone. 

factor 


1,2 


496 


-355 


13.5 


5^7.0 


»407o0 


14190 


16870 


,84 


3*^ 


462 


«1?0 


75.1 


510.1 


-218,1 


14780 


16570 


.89 


5,6 


429 


- 18 


23.0 


544,0 


-116.0 


1688O 


16230 


1.04 


7.8 


427 


41 


60,9 


600 „ 2 


=132,2 


18580 


15820 


1.17 


9,10 


4E»3 


» 38 


3.0 


Wf,3 


- 39.3 


14320 


15230 


.94 


11,12 


490 


-357 


84,7 


496.4 


-364.4 


12920 


14170 


.91 




515 


-495 


27,6 


894.9 


-874.9 


21210 


13070 


1.62 


15 








98,0 




2770 


13160 


.21 


16 








727.0 




20560 


13980 


lo47 


17 








816.0 




23O8O 


14740 


1.57 


18 








540.0 




15270 


15410 


.99 


19 








1^,0 




3960 


15720 


.25 


20,21 








478.0 




14480 


14965 


.97 


22,23 








398,0 




12060 


14170 


.85 


24,25 








346,0 




10480 


13420 


.78 


26.27 








328.0 




9938 


12900 


.77 


28,29 








327.0 




9908 


12130 


.82 








Pure Bending, 


Load 4398O Lb So 






1.2 


374 


26 


21.4 


437.1 


- 37.1 


15300 


14610 


1.04 


3A 


360 


- 4 


59.0 


565.7 


=209 0 7 


16700 


14080 


1,19 


5,6 


341 


- 25 


28.1 


467.0 


-171.0 


14470 


13450 


1,07 


7,8 


320 


- 37 


62,0 


450.8 


-166.8 


13310 


12120 


1,10 


9,10 


292 


^ 36 


24.4 


377.0 


-121.0 


11310 


9980 


1.14 


11,12 


163 


- 35 


78.0 


172.4 


- 9.4 


5614 


5780 


.97 


13,14 


- 8 


- 35 














15 








5.0 




I4l 


387 


.36 


16 








=16.0 




- 452 


4365 


-.10 


17 








107.0 




3026 


7475 


,40 


18 








312,0 




8823 


9712 


,91 


19 








332,0 




9389 


10420 


.89 


20,21 








944,0 




28600 


zadyO 


.99 


22,23 








960.0 




29090 


28870 


1.01 


24,25 








977.0 




29600 


28870 


1.02 


26.27 








972,0 




29450 


28870 


1,02 


28,29 








976.0 




29570 


28870 


1.02 



62 



TikBLS IV 



Observed Strains and Stress Concentration Factor for Each Gage Location 

Stiffening Eing Breadth » 3 /^“ 



'^/c » 0 . 20 , Load 38005 


Gage 

No. 




ilOo 


e 

degrees 


I06 


'^2 

*106 


psi 


dl (calc) 
psi 


Stress 

cone. 

factor 


1,2 

3 .^ 

5,6 

7,8 

9,10 

11,12 

13 , 1 ^ 

15 

16 
17 
16 
19 

20,21 

22,23 

24,25 

26,27 

28,29 


517 

512 

507 

497 

473 

395 

290 


-214 

-125 

- 43 

- 21 
- 82 
-232 
-269 


10.8 

80.3 

5.4 

88.5 
0.0 

83.6 
36.2 


543,5 

531.1 

511.9 

497.4 

468.0 

402.0 

934.8 

58.0 

523.0 

696.0 

650.0 

329.0 

751.0 

701.0 

676.0 

663.0 

664.0 


-392,5 

-143.1 

- 47.9 

- 21,4 

- 87.0 
- 240.0 

-913.8 


14210 

16200 

16474 

16250 

14650 

10980 

22160 

1640 

14790 

19680 

I838O 

9300 

22750 

21240 

20480 

20090 

20120 


15540 

15190 

14710 

13840 

12590 

10450 

8123 

8276 

9880 

11390 

12670 

13150 

23250 

22750 

22290 

21970 

21490 


.91 

1.08 

1.12 

1.17 

1.16 

1.05 

2.73 
.20 

1.50 

1.73 

1.45 

.71 

.98 

.94 

.92 

.91 

.93 


YQ = 0 . 35 . load 39955 


1,2 

3,4 

5,6 

7.8 

9,10 

11,12 

13,14 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,27 

28,29 


ue? 

492 

^1 

490 

485 

445 

394 


-270 

-148 

- 35 

- 4 

- 70 
-290 
-379 


12,1 

77.7 

14.2 

74.7 
1.5 

84.2 

31.9 


522.7 
523.9 

527.0 

530.0 
484.4 

451.8 

882.9 
87.0 

710.0 
858.0 

658.0 

227.0 

555.0 

476.0 

443.0 

429.0 

430.0 


-306.7 

- 179.9 

- 71.0 

- 44.0 

- 70.4 
-297.8 
- 867,9 


14350 

15600 

16752 

17110 

15350 

12088 

20880 

2460 

20080 

24260 

18600 

6420 

16820 

14420 

13420 

13000 

13030 


15600 

15250 

14890 

14330 

13570 

12190 

10700 

10800 

11880 

12860 

13710 

14040 

17500 

16841 

16225 

15800 

15170 


.92 

1.02 

1.12 

1.19 

1.13 

.98 

1.95 

.23 

1.69 

1.89 

1.36 

.46 

.96 

.86 

.83 

.82 

.86 
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TABLE IV (cont«d) 



- 63 



"96 = 0.50, Load 39995 Lbs. 


Gage 

Ho. 


zl06 


xl06 


6 

degrees 


xl06 


Io6 


psi 


(calc^ 

pel 


Stress 

cone. 

factor 


1.2 

3.^ 

5.6 

7.8 

9,10 

11,12 

13.14 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,27 

28,29 


498 

472 

463 

469 

472 

462 

443 


-322 
-164 
- 22 
9 

- 54 
-308 
-426 


13.5 
75.1 
23.0 
60.9 

3.0 

84.7 

27.6 


546.0 

520.0 
568.0 

675.0 
473.4 

546.0 
769.8 

108.0 
801.0 
922.0 

641.0 

158.0 

426.0 

346.0 

294.0 

278.0 
279.0 


-373.0 
-212,0 
-128.0 
-197.0 
- 55.4 
-238.0 
-752.8 


14560 

15150 

17560 

20440 

15110 

15780 

18250 

3054 

22650 

26070 

18130 

4468 

12900 

10480 

8910 

8423 

8454 


15320 

15050 

14740 

14365 

13830 

12870 

11870 

11970 

12710 

13400 

14000 

14290 

13600 

12880 

12190 

11720 

11020 


.95 

1.01 

1.19 

1.42 

1.09 

1.23 

1.54 

.25 

1,78 

1.95 

1.29 

.31 

.95 

.81 

.73 

.72 

.76 


Pare Bending, Load 43980 Lbs. 


1.2 

3.4 

5,6 

7.8 

9,10 

11,12 

13.14 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,2? 

28,29 


408 

391 

362 

330 

279 

130 

-28 


- 10 

- 31 

- 50 

- 55 

- 56 

- 36 

- 19 


21.4 

59.0 

28.1 
62.0 

24.4 
78.0 


483.8 
629.4 
526.3 
470.1 
36*5.5 

137.8 

- 2.0 
-41.0 
107.0 

383.0 

409.0 

931.0 

950.0 

964.0 

965.0 

966.0 


- 85.8 
-269.4 
-214.3 
-196.1 
-141.5 
- 43.8 


15180 

18240 

15360 

13670 

10730 

4l40 

- 56 
-1160 
3026 
IO831 
11560 
28210 
28780 
29210 
29240 
29270 


14610 

14080 

13450 

12120 

9980 

5780 

387 

4365 

7475 

9712 

10420 

28870 

28870 

28870 

28870 

28870 


1.04 

1.30 

1.14 

1.13 

1.08 

.71 

-.14 

-.27 

.40 

1.12 

1.11 

.98 

.99 

1.01 

1.01 

1.01 
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TABLE V 

Observed Strains and Stress Concentration Tact or for Each Gage Location 

Stiffening Ring Breadth = 7 /l 6 ” 



= 0 . 20 , Load 37950 Lbs. 


Gage 

No. 


& 

z^06 


J06 


d 

degrees 




^2 

xlo6 


< 5 . 

psi 


6, (calc) 
psi 


Stress 

cone. 

factor 


1.2 

3A 

5.6 

7.8 

9.10 

11,12 

13 . 1 ^ 

15 

16 

17 

18 
19 

20,21 

22,23 

24.25 

26,27 

28,29 


525 

550 

565 

558 

524 

402 

272 


-220 
-158 
- 62 

- 3 ^ 

- 40 
-162 
-252 


10.8 

80.3 

5.4 

88.5 
0.0 

83.6 
36.2 


553.1 
570.7 
570.6 

558.4 

524.0 

409.2 

876.4 
52.0 

577.0 

837.0 

702.0 

347.0 

753.0 

700.0 

670.0 

657.0 

660.0 


- 248.1 

» 158.7 

- 67.6 

- 3 ^.^ 

- 40,0 

-169.2 

-856.4 


15920 

17360 

I823O 

18140 

16950 

11910 

20770 

1470 

16330 

23700 

19900 

9820 

22820 

21210 

20300 

19910 

20000 


15540 

15190 

14710 

13840 

12590 

10450 

8123 

8276 

9880 

11390 

12670 

13150 

23250 

22750 

22290 

21970 

21490 


1.02 

1.14 

1.24 

1.31 

1.35 

1.14 

2.56 
.18 

1.65 

2.08 

1.57 

.75 

.98 

.93 

.91 

.91 

.93 


'^6 s 0.35, Load 36885 


1.2 

3A 

5.6 

7,8 

9.10 

11,12 

13,14 

15 

16 

17 

18 
19 

20,21 

22,23 

24,25 

26,27 

28,29 


451 

467 

520 

528 

517 

440 

350 


=279 

-145 
- 22 
26 
16 
=^184 
»337 


12.1 

77.7 

14.2 

74.7 

1.5 

84.2 

31.9 


321.9 

518.5 
557.1 

568.6 

517.4 

446.6 

784.5 
74.0 

737.0 

970.0 

710.0 

235.0 

520.0 

450.0 

407.0 

390.0 

395.0 


- 149.9 

-176.5 

- 59.1 
= 14.6 
15.6 
-190.6 
- 771.5 


9210 

15460 

17860 

I867O 

17260 

12940 

18550 

2092 

20840 

27431 

20080 

6645 

15760 

13630 

12330 

11820 

11970 


14390 

14060 

13730 

13210 

12510 

11240 

9866 

9963 

10950 

11860 

12641 

12950 

16130 

15530 

14960 

14670 

13990 


.64 

1,10 

1,30 

1.41 

1.38 

1.15 

1.88 

.21 

1.90 

2.32 

1.59 

,51 

.98 

,88 

.83 

,81 

.85 



TABLE V (cont'd) 



^ 65 









Si = 0.50, 


Load 34750 Lbs, 






Gage 




^7 . 


e 


-1. 






61 (calc-) 


Stress 


No. 


xlOO 


xlO° 


degrees 


xl0° 


xlO^ 


psi 


psi 


cone. 


















factor 


1,2 


395 


-281 


13.5 


436.3 


-322.3 


11340 


13320 


,86 


3.^ 


437 


-142 


75.1 


481.1 


-186.1 


14130 


13090 


1.08 


5,6 


<*77 


- 11 


23.0 


584.3 


-118.3 


18190 


12820 


1.42 


7,8 


492 


42 


60.9 


694.0 


-160.0 


21424 


12490 


1.72 


9,10 


495 


43 


3.0 


496.2 


41.8 


16820 


12030 


1.40 


11,12 


440 


-160 


84.7 


445.2 


-165.2 


13140 


11190 


1.08 




376 


-362 


27.6 


653.6 


-639.6 


15490 


10320 


1.50 


15 








91.0 




2573 


10390 


,25 


l6 








793.0 




22420 


11040 


2.03 


17 








998.0 




28220 


11640 


2,42 


18 








667.0 




18860 


12170 


1.55 


19 








165.0 




466 0 


12410 


.37 


20 , 21 








379.0 




11480 


11820 


.97 


22,23 








301.0 




9120 


11190 


.82 


2 h,zi 








254.0 




7696 


10590 


.73 


26,27 








237.0 




7181 


10186 


.71 


28,29 








241.0 




7300 


9580 


.76 








Pare Bending, 


Load 43925 Lbs, 






1.2 


445 


- 35 


21.4 


532.1 


-122.1 


16430 


1^10 


1.12 


3.^ 


336 


- 45 


59 oO 


551.3 


-260.3 


15740 


14080 


1.12 


5.6 


294 


- 50 


28.1 


431.2 


-187.2 


12500 


13450 


.93 


7.8 


290 


- 50 


62.0 


414.9 


-174.9 


12050 


12120 


.99 


9,10 


281 


- 46 


24.4 


365.7 


-130.7 


10840 


9980 


1.09 


11,12 


178 


- 22 


78.0 


187.5 


» 31.5 


5901 


5780 


1.02 




















15 








0.0 




0 


387 


.00 


16 








-79.0 




-2230 


4365 


-.51 


17 








112.0 




3170 


7475 


.42 


18 








412.0 




11650 


9712 


1.20 


19 








442.0 




12500 


10420 


1.20 


20.21 








946.0 




28660 


28870 


.99 


22.23 








960.0 




29O8O 


28870 


1.01 


2 k . Z 5 








977.0 




29600 


28870 


1.03 


26,27 








976.0 




29570 


28870 


1.02 


28,29 








974.0 




29510 


28870 


1.02 
— — — 
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Plgure XXI 
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Figure XXII 
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Figure XXIII 
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LOCATION OF 5UPPLEMENTAEY -A* <SASES 
ON WEB 

GASES IA,3A,5A,7fl, 8A,9A NEAR. SIDE 
GASES 2A,4A. 6A FAR SIDE 

GAGES 3A.4A SAME LOCATION AS GAGES 13,14-. 
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Figure XXIV -A 
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SAJ.rLE CAT.Cm.ATIONS 

In this section are examples of the calculations for gages on the web, 
the stiffening ring, and the flanges. Theoretical stress based upon the 
Intact beam is calciilated for each example of gage location. The method 
of deriving the stress from the strain gage readings is given. While the 
method la quite simple for the stiffening ring and flange gages, consisting 
merely of multiplying the observed strain by the modulus of the material, 
the calculation in the case of the web gages is more complicated and will 
bo explained here. 

As stated in Appendix B, Details of Procedure, it was not practicable 
to use rosette gages, because their size conflicted with the desire to lo- 
cate the web gages as close as possible to the stiffening ring. As is seen 
dlagramnatically from <*Johr*s Circle, if two stresses normal to each other 




Figure XLIV - Wohr*s Circle for Strain 



can be raeasured at a given point, the principal strains can be obtained 
if 9 is known, accorr^ing to the relations 



6 

1 





£ — £ 

* - ^3 sec 29 



( 1 ) 



^ 2 *“ ^ 2 sec 29 (2) 

9 is determined by the stresscoat cracks which are the orthogonal tra- 
jectories of the principal tensile strains. To determine the values of 
'V/ 

0 for 7<S * 0,35» linear interpolation between the values for 0,20 and 
0,50 was used. It should be noted here that 9 is assumed to remain con- 
stant for various breadths of stiffening ring. As a check upon this 
assumption, at the conclusion of the strain measurement tests a stresscoat 
diagram ms obtained for the 7/l6" stiffening ring at /<j * 0,50, This 
is compared, in Figure XVII, vrith the original for the 2^-" ring. Although 
there is some deviation between the linos, those in the vicinity of gages 
13 and 14 are essentially parallel. This pair of gages is the only pair 
at which a high stress concentration is indicated, and the above assumption 
is true for them. The order of magnitude of the results for the other web 
gages is not altered b-' the fact that the assumption for them is not 
strictly correct. Hence in the calculations, 0 varies only v;ith mode of 
loading, 

*7ith gages 1 and 2, 5 and 6, 9 and 10, and 13 and 14 oriented with 
their axis 20^ below the horizontal, and gages 3 and 4, 7 and 8, and 11 



and 12 at 110 below the horizontal, a plot of strains vs, longitudinal 
distance along the bean could be made for the two sets of gages which 
would be a fair curve. Those are tho Interpolation curves, Figures 
XIX-XXIII, is given by the gages at 20®, and by the gages at 

110®, Thus froQ these charts, the strain at right angles to any gage 
can be determined. 

Having detex*nined (i and the princlp^il stress, (5^, is 



obtained from the formula 

6 . 



1 - 



(3) 



in which, from the results of the tensile test specimen. Young’s modulus 



E « 30,3 X 10 



and Poisson’s ratio is assumed to be 



» *29 

A. Web Gage Calculation 

(1) Stress for the intact beam for gages 3 and 4 under 
loading condition /< = 0,35 

4v, 000 ^ 





'' 


5 






f !, ^2.oo" ^ 





J 





Specifications of the intact bean: 
Dinensions 12" 6|" x 25/"^ 

I * 1^3.4 ins.^ 

Depth C « 11. S7" 

Web thickness b « 0,24” 

Average flange thickness 0.355” 

3 

Section Modulus Sc 30.9 ins. 



. 0 c 93 - 1620,000 

c 17420 a 

Lever = 31.00 - 0,72 

c 30. 2S" 

Moment c Y7t^0 x 30,28 

« 540,000 in. lbs. 
y * 2.90" 

<S = ?1 Jl « 540000 X 2.90 
^ 183.4 



8332 psl 






Longitudinal Shearing Stress « j ^ * ‘'l 

17420 X 25.98 
183.4 X .24 

a 10270 psi. 

<5j a maximum principal stress 

= 4166 ♦ 10^ "V 17.36 4 105.47 



15,250 psi 



(2) L ;rivGd Stress Froni Gages 3 anc 4 
5^= 0.35, Stiffening Pang 1^” 



e e 



6-6 



^ 1 * ^..x I. ,y ♦ 29 



^ sec 29 



£ « value obtained from interpolation 

ciirves. Figure XXI, upper curves, 
for * 0.35, at line marked 

"gages 3 and 4*" 



e 



y 



6 

6 



X 

7 



value obtained from interpolation 
curves. Figure XXI, lower curves 
for "Vd ” 0.35, at lino marked 
"gages 3 and 4.'* 

423 micro- inches per inch 

-137 micro-inches per inch 



(These values appear also in Table III) 
- U3 

2 

6 6 

12 . 2S0 

2 

* 155.4 



20 



o 



sec 28 



- 1.0998 



^ X ~ ^ y sec 20 » -307.9 
2 

- U3 (-307.9) 

* -164*9 nilcro-inc, per in. 

^ 2 * U3 - (-307.9) 

* 450.9 nicro-in. per in. 

6 ( ^ min) g 

1 1-2 

yCt s ,29 

■i£. — « 33,082 X 10^ 

1 

" yU ^ nin ' 

6 ^ . 403.1 X 33.082 

- 13330 psi 



(3) Calculation of stress concentration factor: 
Stress concentration factor is defined as 
the ratio of the derived stress to the 
calculated stress. 



Factor 



13330 

15250 



0.37 



o 



I 



I 



In stiffening Ring Gage CalciqsUon 



(1) Derived Stress 

5(5 = 0.35, Stifcning Ring 1^-" 
Gage No. 17 
Load 39,945 Lbs. 

^ ° reading 

sj 694 micro- inches per inch 
E » 2S.2S X 10^ psi 

(5 * E € 

e 2^^.28 X 10^ X 694 x lO"^ 

« 19630 psi. 



(2) Calculated stress is obtained in a manner similar 
to the reb gage. 

Calculated stress * 12S60 psi. 



(3) 



Stress concentration factor » 



m2Q 

12360 



Factor » 1.53 



C. Flange Gage Calculation 

(1) 5<r » 0.35, Stiffening Ring 1^" 



Gage Hob. 20 and 21 



I 



Lo-'id 39|945 T/os, 

^ residing (taken as the average of 

gages 20 and 21) 

» 564 niicro-inchos per inch 

E « 30.3 X 10^ psi. 

6 = E 6^ 

» 30.3 X 10^ X 564 X 10"^ 

= 17090 psi. 



(2) Calculated Stress 

Let ^ CB calculated stress 



•M = Bending moment 
= Lever X 

* 31.00 X 174 20 
= 540,000 inch pounds 

S = 30,9 ins,^ 




540.000 

“ 30.9 

» 17500 psi. 



(3) Stress Concentration Factor a 0.93 




u 




D. Calculation for tho Loading Condition 




(5 



JliL. 

2 I 



r = 



V 

t c 



X 







2 R I 
c^t 



but 
henco 



U 



R^x 

2 I 

. : 

X t c 



for any boam 



2 

t c 



1 

2 



C 



a constant, K 



then 



't/ 

/(T 



X c 

and K for the 




baam » 



_2_x 
.24 (11. 



10.^5 



Hence 


X for % = 


.35 bocoRPs 






12j£5 




.35 


.35 




s 


31.00" 



E. Strrpn Conop‘ntrntion F^^ctor At Onrc BA 



Usinf^ Vnlu'^a from Fig;ui*e Y.T'J 
(1) = 0,50 



e 



X 



6 



€ 



X 

2 




345 micro-inchps p<^r inch (garp BA) 

-315 nicro-inchps per inch (average, gages 7A and 9A) 

15 = D 



^ x~ = 330 « E. 

2 ^ 

20 = 40.0° 

Sec 29 = 1,5243 

See 20 = 503.0 = H 

6^ = D 4 H « 545.0 

= D - H «: -49?^. 0 



6 



1 



M 



(^l * ^ 

1 - 

.29 

30.3 X 10^ 






2 



E 



E 



33.0"2 X 10 



1 -yU' 






403.5 micro- inches per in, 

403.5 X 33.0??2 

13350 psi 



Calculated Stress » 10260 psi. 

Stress Concentration Factor » 

' c* 
= 1.30 



( 2 ) ^6 



0,20 



293 micro-inches oer inch (Gapjo BA) 

-24B micro- inches per inch (average, gages 7A and 9A) 



6 : 6 

^ 2 * 22,5 = D 






270 » E, 



20 » 69,0 
Sec 29 « 2.790 



6 , . 6 



sec 



29 « 754.7 = H 



e D 4 a T77.2 

= d - n » -732.2 
^ 1 



* *29 



E 


33.0^2 


X 10^^ where E a 


1 






^ l*/^ ^ 2 “ 


777,2 


4 ,29(-732.2) 


C3 


564.9 


nicro-inches per 




564.9 X 33.032 


S3 


13,690 


psi. 



Calculated stress ^ ; ^120 psi 

( 5^1 

Stress Concentration Factor = -p“ 



2.30 



TA)U XII 



VAi,ir:s :>r sTHMris to STRAI^^s for 

GAGES 13 U TOh VARIOUS BUT’ APT HS 
OF STIf-T^^ETEG PJf?G 







a 0.20 


II 

j 

1 


0.35 


II 


0. 


50 


Stiffening 

Ring 

Breadth 


X 

xlO^ 


K 


xlO^ 


X 

xlO^ 


K 


y 

xlO^ 


X 

xlO^ 


K 


y 

xlO^ 


2^" 


315 


0.9615 


-293 


425 




15 


-409 


505 


.9? 


515 


-4"?6 


2 l/^« 


317 






-295 


405 






-3^9 


51?? 






-49B 


1^" 


323 






-301 


423 






-407 


515 






-495 


3/4" 


200 






-269 


394 






-379 


443 






-426 


?A6" 


272 






-252 


350 






-337 


376 






-362 



K s Slope of Strain vs. Strain lino 
from Fipure XXI V-A 

6^ a-K for = 0,35 and 0,50 
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Table VI, Original Data 
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Stiffening Ring Breadth. = 2^" = .2 Load Decreasing March 22, 1950 
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ri ^ 
S -H 
5 1>D flJ 

>< oH Q 
i«i h rt 

o 


(MCVJ >r>C'-'A-^^vOCVj C>C'-C'-vOVrvvO'AC0'A\OrHCv.HCsiCM iHO CsJvOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOiHOO 

1 1 r 


Indicator 

Reading 


OvMi-IO-O^vrvopvi^C^IVCvicOOOOOU^vriJ^ vr>\o CO JS- 0\ O nO O CM 
O tn'AvOvO f^\r^3r 00^ Q\0 fHOO O C^P'-O'.O^ C^COVOCO 

Qs rH VT\ o^vp -^V^>C*^^O3■0^00C^'At»^C?^r^00rHr^V^Vf^r^CM^ C^OvO 

3" vt\j 4- vrsw^\rvxr\\o c^vovovOvovr\\o 'J^O-C^vO u^C^\OMDMD mD 


1 0016 


Strain 

Increment 

xl 06 


CMCJNOOO rH^-cM o^c^cM c^o^v^\o-a■or^v^<»^vr^r^(»^ci•'ACvic^r^vr^\^v 
H CM CM CM O O O O O VO vr\ c>- rH O iH VO 00 00 O- VO VO MO VO VO 

rH oH iHrH rHrH rH rH iH tHiHrHrHiHrHtHrHrHiH 

ID Q 0 i 1 » 1 1 1 1 1 1 1 1 t 1 1 1 


Indicator 

Reading 




OrHOOCJvQ QvrvOC'--:i-J:J-OOCjOOCv-^O^C^OOOCMOt»>vrvvrv 
iHvO VACM ^ CM Ov-a--^CM <7vvo^ C^vr\»T\0 Ovvr\-a-CM C^COOCMCM rH 

OCMvr\r^Cv.^ ■^(nvf^r^3•CMOOOV^^^OCMCJvCM rHCv-^CMOvotMCMM^ 
'Avr4vr>vr\vocwocv-vovovovovr\Jvc^\Ovr\C»-vovovoev-vo 


o 

o 

o 

00 

rH 


Strain 

Increment 

xlOO 


^HOOCMOC0Ov0U^^^rHr^fHV^CMV^art*^<»^O C^vO rH IS- O rH O O O 
O CM CM Cn <3\ <J\ iH (Jv (JvvO VO Cv- rH 0\ CM O CN- Vg^ \0\0 vr^vo V>vO 

rHiH fHiHfHiH»HrH»HrHiHiH»HiH 

II III II 1 1 1 1 1 ( 1 i 1 1 1 1 


Indicator 

Reading 


CMOOCMOC^<MCMC^<yvvovr\u^\Oj:tor^CMCv-vr^(novpr^OOvOOO 
CM (JvC^OvvO^ ^ CM C^vovo f^'AtncO C^vO C^Cv-CM^ vtvCMvOvO OWO 

rH cn »0 <5 ^ ^ C^iHOvHM^vOrHC^Ov^ C7v(?vCM^ (JvC^Of^cn 

vr\vr»^ -T vr^vryu^vr^vo O-vo vO vO vQ vO cr\c^\Ovo u^C^vr\\ovo vO 


1 Load 1 27000 I 


4> 

^ a 
a © 

•H avo 
a o> o 

a iH 

-P O K 
to a 

M 


vOQOQOOr^vOOOOCMCJvC^OOOOOtnOOOO cnCM VT\ o o- -a- o ^ c^ 
H3-CM.3'OtH«H OOOOvOO^OOCMr^■a■fHV^OO^-^-C^Cv-OOvOOOvOOO 
iHiH iHiH rH rH rH rH rH rHiHrHrHrHrHrHrHrHrH 

II ill II 1 1 1 I 1 1 1 1 1 1 1 i 


Indicator 

Reading 


C^OOOOvr^cMvOCM Q^CMvOCMvOvrvCv.\OOVAOvOvr\000 OQO 
CM rHrHVQVr^J3•\nr^Cyv^ iHOtnrHvOCMOCv-CM^O O-Cv-rHvQCM O^CTV 
<MM>vvrkM(J\l>-vr\r>C'-^C^rHOCMu^vOC^-a-OvOOOOOvOC'-CJvOv'ArH 
\r\iTk^ -a- vrvvr\vr\VAvo Pwc^c^vovovovovo O-vo iwr^cv- vr^vo vr\ O-vo 


Q} • 

cm o 
a (a 

cb 


rHCMO^^'AvOC'-OOCJvOrHCMC*^^W^\OC'-OOOvOrHCMf^^ 'AvO C>- OO 0> 

rHrHiHrHiHiHrHrHrHrHCMCMCMCMCMCMCMCMCMCM 


Gage 

Factor 


1.80 

1.82 

i 

1 

1.76 

i 
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I I 



I I 



I 



c!? 



-P 

•d 

as 

© 

d 

a> 

•H 

t\0 

d 

•H 

d 

© 

Vt 

<H 

•H 

-P 

CO 



d 

O 

■P (lO 

d d 
O riH 
•H rd 

d oS 
d © 
•H pci 
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OvOXACJv^^vO iHOOXA-^OViH( 7 v-d-p.-cOXAOO^<J\CyvvOrHfACAI>-vO 
OCMXACMCv.XAXACAXArHJ-iHCJvO'A-d-OCMCOWiHvO^CMfHXACM iHxA 
XAXA-d' XA-d-^ XAVAVAXAVOO-VO Cv-vOvOvOvO xACv-O-vO xaCv-vOvOvO Cv-VO 



CM XA-d'VO iH XAVO Ov \0 Op {n-CM OvO O O iHvOvO CA^VOOOVOOP (jvxAOv 
OCAVAvOvOCA«Hj 3 -cp 3 ^C ?\0 rHCOCACACM 3 -- 3 FOCAO-C 7 vo 3 FcMCOXAOO 
On *H XA CAvp ^ xacA-T O-^ CAOO (TvxACAOVtHOO rHCAXAXAr-ICMJt CAOvO 
3- xA-d- XA3-3- XAXAXAXAVO Cv-vovOvOvO xAvo xACv-iv-vo xacv-vqvOvO I>-vO 
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CMOO-d-rHOC^OCM.M^rHiHO»-irHt-«f*^C' 10 NOOr^fHVr»rHNOiHC^ 

ooooooooo oooooooooooooooooooo 

it it I 



Ovo^OO'AOnQnCOO iHi-IOOCJNrHCM QsCpC^CDvO rHVT»rNO f-^OCO 
O cnvAC^NOCn/H^-CO VTjOOCMcOCM rNCM^jF O^C^OOV^rNOwOCX) 
0 \ »-l c^\p o 'AC^CO OWACAOniHOO rH CA'AvO iH CM (A O NO 

VP\-j- xa'A'A'AnO O-nOvONOnO nt\nO vt\C^C^vO vaO-vOnOno O-nO 



iHCMcO C^OnHnO ‘ACOnONTvj^- CACArHC^iHCM-d- CACACAONrHCACONOO-CS 
OCMCM^OOOCN C7\OC0 1>-OOCM CAvO iH CA CA^ rHCMiHi-IOrHOfH 

*Hi— i f— i I— I I— liH I— 1 »— irH f— li— li— IrHi— lr-1(— IrHi— IrH 

II I ) II i I I II I I I i > I • I 



OCXDOIN-ONOONONOOCJNfHCOHVAOOVAOCJNNONOOONVOO^NOCMO 
rH O-NO ON NA NANO rH ON NA ^ C7\ rH ON CN-CyNCN-ONUNONtHNO cAiANAA-CO cn. 
OCMVACMCN-'ANACANArH3-<HONONA4-OCMOOCM rHCN-.3-CM r-I^ACM rHUN 
vAVA.d' na ^ VA NA na na NO Cn-nO O- vO no \o no nacn-Cn-njO '^NCn-nOnOnO O- nO 



O CJNCN-Q CAO CAO CN-vO CM iHnO na.^- AiHCOnO O IS-CM CO.^- ni^O OnCJnCM 
OCMCM.5cOO(A CJnO\CDCn-OOcM CAnO OrACACArHCMOrHOOONrH 

rH rH rH rH rH rH rH rH rHrHrHrHrHrHrHrH rH 

II II II t I I i I I i t I I 1 t 



rHOCM OCOrHCANA.d-NO.d-C'-rH.d-vO'AvOCM CAOCACAQCn-Cn-CM 0 0* 0^ 
rHCOCANA^VACAOONNANO rHCMCJNVO iHNACOCAONVACM^.d- rHvOvOCO'O 
rH.3-NACMcpNpvOCANOCM CArHO rH xAnO CM CAONCAOOO CACAOvO HCM^ 
VAvA.d’ na ^ -3- VA NA NA nAnO Cn- Cn- Cn- nO nO nO nO na Cn- Cn-nO va cn- no nO nO Cn-nO 



a. O CN. crwo CAOCACn-xaCMvO H.d-VAQ0OVAfA Cn-vO vOCMOCMCn-nOCMO 
OxCMCMCACOOCM ONON^wCN-OOCM^'AOCACMCAOlMOrHC^OC?NH 
rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH 

it II If I I I I ( I I I » I i t 



rHCJNVAOrHrHOXArHCMCMvOCN-CJNO.d-CN.OONONOXACM HCMCM rHCOiH 
iHCMO i-HCA'AOOOXAOD.d-CMcrNCyN'ArHCTNNOCM rHfArHXAONOXACO.d- 
CMxAVACMOnCn-nOCACn'CACMO rHCMVACN.-d-^ONU~kCyNC 7 NCM-:i-ONCN-OCAt»' 
VA NA NA -4' -r}" va na na nAnO Cn- Cn- O- nO nO nO nO va Cn- nO nO U’s cn- na nO nO Cn- nO 



rH CM CA-:J- xAnO Cn-COOnOiHCMCA.;4'XAnOCn-oOOnO iHCM CA.:^ xavQ Cn- oO O 
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O 00 CM M C^vo ocvj C^fHCM ONONa>0OC^COr-0O 



I I 



tto 

c 



00 (»^CMCMOOOC^Or^'^C^-fHCVU^t-lf^r\OrHxrvOCMCMCMC^ 
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Stiffening Ring Breadth = 2 jr“ '^/ 6 - .5 Decreasing March 23, 195O 


0 


Stom 

Original 

Reading 


0 C\J 0\ ON -:3- CO rH CM 0 rH -:t rH rH vrv iH 'Tv 0 0\ 0 CM \0 'A 

oooooooooooo«Hooooooooo«Ho 0000 

1 1 1 


Indicator 

Reading 


CM O- <Jn ON^ 0 0 00 0 CM VA 0 >AO CM Q CO 0 CM 0 ^ 0 O CO CA VA 

ON CM 3- 'A »A (A H CACp ^ Op ON 0 C^CM CM H ^ CAO ON CACO NO Q O- O 

ob rH NA CA NO VA CA 0 3- CM CO C^ 'A CA<3n fH 00 iH (A NO NO iH 0 

\rv-^ va3 VA VA VA VANO O-NO NO NO NO VANO VA C^NO VA no ^ C^no 


1 11000 


Strain 

Increment 

xl06 


C^NO VA 0 -:t O-CM va 3 iH VA^ iH fH VO 00 ONNO CAO »H VAO CACMVAO- 

0 CACA^ CJN i-l iH 0 0 0 00 CM CM CM NO 00 fH CM rH CM ONO CO Cv- OO £v- OO 

fHiH 1 — t r-lfHiH 1 — IrH r— 1 rH rH rH rH rH 

II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


Indicator 

Reading 


CA3CM^OVAOOfHOONOVAOQVAOOVAONOJNONOVAO iHOCOON 

O VA^ VA^ Cv- CTN C3N VA CM NO CM O VAO rH O- Cn. CM CAC^ NO ^ CM no rH 

O CM VA CM Cv- VA VA CM VA rH ^ H CA rH VA VA rH CM 00 CM CM O- VA CM vA CA rH NO 

VA VA 3 VA -:J- 3 VA VA VA VA ^ Cv- NO Cv- NO NO NO NO VA cv- cv- NO VA cv- nO nO C>-nO 


1 22000 1 


Strain 

Increment 

xl06 


O ON NO ON Cv- Cv- rH O VA CM 00 O Cv- O CA3 rH CA rH O O VA NO O CM 3 O CM 

O CA3 CAOO O iH iH O O O 00 CM CACAO-CA rH CArH CM 00 O OO C>~ <» Cv- CO 

rH rH rH rH rH rH rH rH iHrHrH rH rH rH 

II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


Indicator 

Beading 


O iH NO CA Q CAVA cava CA H O CM NO rH NO CA CA CM CM O O- O Q O 00 CA CM 

rH rH rH rH 3 VA CA CA CANO CM 00 VA CM cv- NO O 00 O 3 VACM Cv-3 CM CA3 CA 

.H3 VACM OpNO vaCMnO CM CAO O CM VANO CACACACArHC03 CA NO CM CM VA 

VA va3 va 3 3 VA VA VA VANO Cv. Cv. Cv-NO NO NO NO VA Cv- C v-nO VA Cv- vO NO Cv-vO 


0 

0 

0 


Strain 

Increment 

xl06 


VA CAO CM NO NO NO CAO »A CM O 3 CA CA rH rH Cv-OO H Cv- Cv. CA VA 00 CM CA CA 
OCACAVAOOOCM OOOOOCACMCACv-CArHCMrHrHOOOCv- nOOOnOOO 

rH rH rH rH rH iH rH rH rH rH iH rH rH rH 

II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


Indicator 

Reading 


O O O O CV-NO NO CAO VA CA O CANO 3 P NO OO CACM O CA3 O CM 3 CA O 

rH VA Cv-OO CM VO O O O NO CM O Cv- VA O 3 CA O CA VA CA rH NO CM CA VA rH vr 

CM va 3 rH CA A- NO CAOO CACM o rH CANO 00 3 VA CA3 O CA CA3 NO iH CA3 

VA va3 va 3 3 VA VA VA VANO A- Cv- Cv-NO NO NO NO VA Cv- Cv-NO VA A- nO NO A-nO 


Load 


Gage 

No. 


rH CM CA 3 VANO A-OO CA O H CM CA3 vanO Cv-OO CAO iHCNl CA3 vAnQ A- OQ O' 

iHrHrHiHHrHrHiHrHrHCMCMCMCMCMCMCMCMCMCM 


Gage 

Factor 


1.80 

1.82 

1.76 
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d> 
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«H 

•H 

43 

CO 



d 

d o 

Cd 43 

d o 
c!> d 
N 



'TvCNiO CM rNC^rNQCNj CM OnC^C-»AC^iHO r^-:^ oo «h oo cm C?n 
CCCJNC^C^OOCN-CM^C^O-rH^ i-i iHOO C^C^-Cn-CM C^CMit 

CM CM CM CM CM 

i I III II 



trs'nc^ooc? »AOOCM C'-C^O^U^jJ-oO ovo^i- OnCM i-IvO'^v 
C^CJN iH\OC?N-d- U^rHCX) CM C^r^^CMCM rH C^CM C^CM OOvOVO 
CM^vpCMCTNCN-U^CMC^C^VAiHCN.O'TkC^O^rHO C^^»rvCJ\ 
vA3--d- v>\rvu^\r>\0C^\0 C^vonOnOnOnOOOnO C^ 



CMC^C^COCJnO^- 4-O C^CM'AOOCMCMCMCn'ArH-^CJOCM 
CTnCJnCM iHCOCOiHCMCOI>.iHC^rHiHOOC^C^C^CnC*^CMC»^-^ 

CM CM CM CM CM 

I I II II 



OC^C^CMC^CnCMOOOOCOOOOlN-C^OC^O iHC^C^COnQ 
'r\QCO CJNOVO C^'AO ^OrHCONO iHCM HO »AnO O r\ CJn CM 
iH-3-vr»CM<jNvp'r>cMC^CM'r\HC^O'OC^OC^OC]0'AHC^C^ 
vT\\r\j:i- \avO I>-\0 I>-nOnOvOvOnO C^vO IV 



OOvO^C^CJNCOiHCOCMCyNCXDu^»AC^HC»^C^vOCMoC5C*^vrv\r\ 
On CJNi-l rH CO O CM C- CM O rH O O C^ 0^ CM CM ^ 

CM CM CM CM CM 

I I II II 



(OOd-OCO C^CO^CO C^VOV>00'A\TvCOO'i^O IWAO c^ 
»nrHNO ri rHCO HC^CM 0-0 HC^OCM HnQCOCO C^NO^ C^CO 
OC^'AC*^CQvr»vrkCMNO •H'OCM C>-Ovr>{»NCj\CMCTN'/M>-C7NO^ 
vr\UN^ vp\ ^ 3- vp\ vT\ VTy \0 Cv NO IV NO vO u^vo nT\ (V 'O vO u^v 



vOCOCOrHNTNrHr^ONVOCMJtCOOCM^C^ C^v£) \TN V ^ Q 
COCjNrHCMCDCO rHCM VVCMJ- rHCMOO C^C^VC^C^C^^ 

CM CM CM CM 

I I II II 






I 



COOCp-Cj-rH^ONP^ 

nOCM^CMC^OiHCJn 
CJnCM »T\C^(V'AU^CM 
■d' NT\ ^ NP\ VTN 



O 'ACN-C*^'C>\r»CM-d' 
V^OCTN^ VCOCM rH 

»Aih3-cm von'ac^ 
VT\ vtnnO Cn-nOnOnOnO 



vrvc^CJNCO vr\CM vrvcO 
C*^00 C^C7Nf-H»rvC»^ 
OnCM CTNCncjNlVCM CM 
\r\NO u^VNONO 



CMCMOU^vOC^iV^C^U^'ACwO^U^OOCMOC^C^CMCO'AC*^ 
OOCM cn^^ CM CJnCM VC^C^CO OnNOCM iHO C^C^O C*^Cn- 0\ON 
OprHvrvC^vpj-3-C^^.d- O^CMVCJNvrvC^ONtHCO HCM^^CJN 
3r »ryvO CV NO NO NO NO U^VO »A V C^NO U^NO 



rHCMcn^'ANOVcOONOiHCMC’^^'r^NOVCOCJNO iHCMC’^jJ-'^ 

rHiHiHrHiHrHrHrHrHiHCMCMCMCMCMCM 



O 

CO 



CM 

CO 

o 

rH 



NO 

V 

* 



IV CO NO 
c^c^c*^^ 
CM CM CM CM 

I I 



C^ fH O 
VO CO CO V 
CM CM CO NO 
CN. \rvC^ VT\ 




VO cn vrv rH 
CM CM cj- 
O »rvNO 00 

V vr\ \n 






CJN 

C^. 

CM 

I 



C3N 

cn 

CM 

I 



O cno NO 
C?N NO rH VO 

V v-d- o 

NO VA O-vO 




ON o o ^ 
-d- O V c^ 
VA O rH CM 
NO NO IV NO 



CA Q CJN 
O 5 CM . , 
CACM CTnVA 
NO NO VO NO 



vQ VCQ ON 
^ CM CM CM 
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iH 

§ 

•H ® 
M PCS 

o 



O iH^vrv(n(nf^vO iHVf> 0 \ C^vo P>-CO ONl>-C^^ C^Os-c^vO 
0000000000000000000000-^0 



I-J CM r-l O 
O »~1 O I— I 



•H 

t 

o 

pcs 



CM(n-:tOQ\VOOO-i'Q^OO\CMoOO\<JsC^C *-0 iH rH 

cpcM c^'a 3 -cmo o^c*-.^oposo\i>-cM r-<o (nc^oi^^«>-.:J-a\ 
iH ^ vp vr^ o ^ CM ON VTs ON rH CO rH CM -cj- Vf% CT\ 
UNjJ-ja- irNvr»vrvvr\\o O- M 3 vO vO NO ^nO nt\ C^- O-vO vryvo 



5 



CM CM C 3 Q O 
O vTvCM vr\ 
C^CM ( JnNTv 
VO VO NO NO 



•*» 

d 

o 

fevo 
3) o 



CJv . CN - OvOvr \ CJNONCMvOCOOCMvrNOrrNrHvolN.CMCM 
On On CM rH On (X) CM 00 Cn- rN — • rrx _i ^ -v 



I I I 



I I I 



I e 



rH 00 -d- ^ 

CM CM . 
I t I ( I 




W 

d 

•iH 

'd 

CO 

® 

Pi 



OONQOOCJNO-d-OC^OOvrsoOC^-d-OCJNOCM ONCM 
vfNCM -^ rHrHCJNvOrHO - itCOONCMrH - d - rHCM^-OCMOOVV 
CK CM vrsc^CN-vr»vT\CM vr> iH vrv CM On vp\ cn crv CM ONrNO Cn-cM CM 



'O 



VTN -d" vr\^ -d" \r\vr\vr\vr\vo C^-no no \0 vO »anO m^cn-Cn-vO vrvC>- 



O CN 

VO O ro ON 
vr\ O rH CM 
NO NO fN-VO 



+» 

d 

® 

api 

o o 

c: 



CN-CMp rHvAvrvCM ON-d-O-d- rH^C^OOONCXNCnONCMvO 
CO ON CM CM 00 Cv- rH CM CN- l>- rH -d rH rH CM CM Cv- CM CM 

. . CM CM CM 

II III III I I I I I I 



I 

I 



VA rH CO CN- 
CAJd 3 
CM CM CM CM 
I I 



S’ 



31 



® 

m 



CA'AOCAVACJNCrNCv-NpCMOrHVAOCMCJNCJN< 3 NCMrHOCN -00 VTNOCMO 
CN-CM CN-rHCACTNf-HCN-^ONO rHtS-OCM iHCn-OnO OnnOno 3 ^ iH rH NO CA vfN 

O CA VA CA op VA CM VO rH VA CM Cn- O VA CA < 3 n CA O VA IN- ON O VA CO CN-.d O 

VA cA-d" VA-d -d VA VA VA VANO C*-NO CN-NO NO »ANO NO CN-NO NO VA CN- vovaC*-vO 
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NO 
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-p 

o 

SNO 

0 ) o 



OOOCvivrvr^vr>xTvC\Jvr\oOONON'AOOOCvJOOC^O^ 

r^V^(Mr^iHC\iiHOCarHvO\OOOON.HCMXOO^(>.OOON 
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oo o r- o o CO 
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OOOOV^r^OOC\JOOOvr^oO^-OOOU-^ov^ 
CMVTvO rHvOOsO^ 0 ^ 0 (MP>-ONCNO r^^-vr^v^v^rH^O 
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o 

o 

o 

oo 



■p 

d 

o 

SMO 
© o 



CM r^CM vr\^0 O-CMj^- 00 O rH C7NO O OnC^CM 
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OnMNnOMO vp>0 C3NO NOCJNMO ONO OnM^-:)- 
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rH CA CA r^MO tV 
rH CM 4- CA O NO 
Cv- MO MO NO NO 



© 



fS 



CO 
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Table VII. Original Data 
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Stiff enine Rin^r Breadth * 2-1/8" %= .2 Load Decreasing March 28 „ 1950 


o 


From 

Original 

Reading 


CVJ(VJ^vocviC^C>JOO^iHC^-;t c^vo C^OOvOOOCMvr\cvi OiHOOiHOs 

OOOOOOOoOOOOOOOOOOOOiHO OiHOiHOO 

1 1 1 9 1 1 III II 


Indicator 

Reading 


C^O Q CO 00 'A (nM 'A ON ^ C^O 'A iH O CO op O O O (A rH OJ 

VO CM ^ VA VA CVJ CO O 00 -3- 00 CA ON CVJ ON rH O ^ 0- rH VA CA CO vO CO 

00 i-l >A CANO CA 'A O VN CA 00 O CO CA ON rH ON rH CAVA rH CM CA O vO 

^ vaj:J- \a 3- 4- VA VA VA VAvO C^vO O-vO VO VAVO VA C^vO C^vOvovOO-vQ 


1 9100 1 


Strain 

Increment 

xl 06 


ONCAO OCO-:3--d-D-CM OWACM VAvO OOOVAOiHCMOnvO OCMOCMO^ 

O CM CM CA CJn O O O O On VO VO Cv. Cv- rH On CM rH VO CO Cv- VO D«- vO vO vO vO vO 

1— liH 1— 1 j — 1 iHiHiHtHrHiHiHrHr-li— l*-l 

II III II 1 1 1 1 1 1 1 1 1 1 1 1 


Indi cator 
Reading 


CAC7N VA O VO O 00 O 00 O O CA CA.:}- VACM O VAOO CA CA O- O CM O O O ^ 

0-3- O VAVO VAVAO C3N O VA VA <A^ C^NO O VO ONVO -;i- 00 GO O CM CA »H 

C3N CM VA CA Cv. VA VA CAVO iHVACM0NrHC03-OCA0NCMiHC^ CMOvoCMCMva 

^ \A-:t vA-=i- VA VA VA VAVO O-vO Cv-vo VO VO VO VA O- C-vO C- vO vO vO O- vO 


1 18000 1 


Strain 

Increment 

xlOO 


COCOOCMvO^OOvACMvAVArHCv--:}-OCACv-OvOCv-iHCv- CA^CMCAOO 

H CA r^ CM O rH (H O iH O VA VA Cv- 00 CM O (ACM VO CO Cv- !>- VA Cv- VA C- VA 

(— liH (— 1 iH rHiH rH i— 1 i~( rHrHi— 1 (— 1 rH rH i— 1 iH r— 1 

II g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 


Indicator 

Reading 


CM CM VAO -:t CM CAO (ON VA H CO O VA O VA VA (3N va-:3- CA O O O CO O O 

CO Cv- CM Cv- VA VO VO rH 00 CA ON CM rH VA ON CO fH CM O- 00 fH va CM vO VA ON VA 

O CAVACM COvp vacACv-CM ^ rH O CM 00 VA rH^ O ^ C3NON ^ ON D- O CA (A 

VA \A VA 3r VA VA VA VA VO Cv- Cv- Cv- vO VO VO VO VO Cv- VO VO Cv - va vO vO O- vO 


1 27000 i 


Strain 

Increment 

xl 06 


O Q VAOO VA VA O 00 O VO O O O VO vA-:t Cp VA VA CA CA VA C^CAOOOOOO 

CM5rHCAOrHCMOrHOvOCv.<jN(5NCMCM3-rHVAONOI>- O-COvOCOCv-OO 

rH rH rHrH rH iH rH rH rH rH CM rH r-HrHrHrHrHrH 

II III II 1 1 1 1 1 1 1 1 1 1 1 1 


Indicator 

Reading 


O O VAOP O CO O op CM -ij- O Q VA-:J- VA CACM VA VA CM CAO CAvOCMvAOO 

O rH rH 3 VO Cv- CO -3P CM (ON 00 3- O ON C3N CM CA ON VO rH C3N CM vO CA O vO O 

CM VA VA ^ CN Cv- VA CA 00 CA CA rH rH CM 00 VO CA VA O VO 00 O vO Cv- <JN (Ov VA CM 

VA VA VA ^ ^ VA VA VA VA VO CV- Cv- cv- VO VO VO VO VO Cv- VO CV. «>- va vO va Cv- vO 


Load j 


Gage 

No. 


rH CM CA.4- vavO Cv-COOnO rHCM CA.:i- VAVO Cv-cOOnO rHCM CA^^t O- CO (On 

iHrHrHHrHrHHrHiHrHCMCMCMCMCMCMCMCMCMCM 


Gage 

Factor 


1.80 

1.82 

1.76 

,| 
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Stiffening Eing Breadth 2-1/8” yo= .35 Load Increasing March 29, 1950 I 


o 

o 

o 

o 

-:3’ 


Strain 

Increment 

xl 06 


VT\0 r^iHOVOQO^^ rHvO vryvOVPkCVl OnCM V<>i-ICXD O ONU^C^CvaoOOI>-C^ 
OC-AOJ^OvOrHOOOC^C^OOCVi C^VO rH^C^^rHC\JiHrHO«HOrH 
rH 1 — 1 ( — I » — 1 t — I ( — I ( — 1 » — 1 I— 1 ( — 1 1 — 1 rH iH (— I rH 1 — I pH i — 1 pH i — 1 

II 1 II 1 i 1 1 1 


Indicator 

Reading 


vO'AONCptVOVApHOC^CJNCVj OOVTvmDpHvOC^O vooOOOOOCM OO 
COvOcp-^<MONVPkCViOJOt>-0\OONpHvOO\^C-£>-COU^vOO-OOC^-=J-0 
C4 vO-:T pH OCOvO C^0n>AC\J 0\C^^ ONCTn'AVO OvO 0-0 O vr\O-0D 

^ '-T\ ^ vr^\r\u^xT\'vOvo 0-0-'v0'i)v0v0v0 O-vO O-^AO-^vO lA j>- \0 


1 30000 


Strain 

Increment 

xlO^ 


C»^f^vrvcO-:t CM vr^CM O vp>r^CMoO O 0\0-u^v0 CJnO O-CM 

OC^CMC^ONOrHOOOO-C^OOCM^vOpHi:i-C»^^rHCMrHpHO.HO pH 
pHpH pH pH pH i — 1 ( — 1 pH pH i — 1 pHpHpHpHpHpHpHpHpHpH 

II 1 II 1 1 I 1 1 


Indicator 

Reading 


pHvt^cM C7Nl>--:t CMvPiO-^ vPvo^O-g\rHCMCM vnC7NU>t(>-0^0 C^\D 

OOCM pHCOC^COC^W pHO'AvOONCOCJNCMW^r^C^CMr^CXDu^OvOVAaN^ 
rH vr\\r>rH ONO-vD C^CO ^ C^O iH O~\0OCO^ U^O 'J^OnCJs pH^ CJnO-O 

0-t>-O-v0v0v0v0\0 C^vOMD v^O-^vOvO O-vO 


; 20000 


Strain 

Increment 

xlO^ 


(JOCMC^O C^^O-OCM^O C^r^'ACO i-HQ^O-O pH OOCO-it^O^COCM 
OC^CM^ONOCM OOOCOO-OOCM^VOr-H^^^CMCM HpHpHpHO rH 
1 — i pH pH pH i — 1 pHpH pHpHpH pHi — IpHpHi — li — IrHpH pH pH 

II 1 II 1 1 1 1 1 


Indicator] 

Reading 


CJOCMO-O-C^O-OCXDCMOO^OOpHO-^CXDO^u^OCMCMvOvpvOvOCO 
0-C7\C^CM^ 0-CM CM rHO r^^€J\COO-00>OCM CT\(3\vOCM pH^ pHvPsVOCO 
OC^M^CMcp^b\OC^O-C^^ pHOCMCXJvOCMJtOSC^OCOC^r^OvOrHCM-:^ 
vr^>J^v^^vr^\o t>-0-0>-v0v0v0v0 'AO-O-vO ^O-vOvOvO IN-\0 


o 

o 

o 

o 

rH 

o 


Strain 

Increment 

xlO” 


-Ci-VOO'AOOO O-COO'AC^oOCMOC^O'AQOnCOCM OvOOOC^O.^- 
OC^CM(30C7\pHI>-^CApHC^CMONCOCM^I>-rH-3-C*^r^CMC^pHpHpHpHHpH 
pHpH pH r— I pH pHpHpHpH pH pH pH pH pH pH pH pH I — I 

1 III 1 1 1 1 1 


Indicator 

Reading 


0000-000 OCOO O^O-vr^CMOO-O pHOC^vAOQCJOO O^^COO 
C-VOVOVO 'OC-O r^oo pH pHOOO-u^,.^ O Hu^vrvOO-5- CMC^^l>-0-0- 
C3\CM \TvCM O-'AVO r^vo CM vp^CM ONpHOO vPspH O^OnCM CM 0-3- CM rH vTvCM rH vo 
^ O-vO O-vCvOvOvO v^O-O-vO v^^^.vo ^O^O C^vO 


vO-:tpCMOOO£>-OOCOC?0-OOCOOVOC^C^COOCMopcM^^C^ 
VOCM3-'OvOMDC^O-pHCN-^-3-CC(JNr^C7\C^O\pHpHitO-0-pH-Jr^a3^(X) 
Cp pHVPvO^vp-;}- u^0^^r^0 vor^cOOOOC^ONrHCJNpH O^vOVApHCM.;^- fiOvO 
^ U~\^ u^vrvvou^vo 0-\0 O-'vOvO vp>\o u^0-C^\0 ^AC-vOvOvO O-vO 


1 Load 1 


0) « 
to o 
flj ^ 

o 


pHCMC^^V^^OO-COC^O pHCMr^^vP\VOO-(»CNO HCM C^^VAvOO-cncrx 

HHpHrHpHrHrHrHpHrHCMCMCMCMCMCMCMCMCMCM 


4) O 
+> 
o 

O CO 

1 


O CM \0 

CO CO O- 

• ^ • ** " 

pH pH pH 
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stiffening Ring Breadth - 2-1/8” '/c , 35 Load Decreasing March 29 , 1950 

Load I ‘ 30000 ^ j 20000 j lOOOO \ 0 
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vOCM^ u^vo ^rM>-0 ON-:^- C^CO vOC\J 0\C«i 0\00^ C^J>-o3F CVJCOVOOO 
30 rH c^\p vrkr\vr\0 xr^r^OO OCOcnO\rHO\rH r^XT\Vf%rH(M^ <T\ O \0 

^ ‘AU^VOI xavo C^vO £>-\OvO xOxO xac^C^vO xac^vOvOvO C^vO 



■f* 

•H <D 
aJ E \0 
« O 
-»-> J-« rH 

to o « 

Pi 



ON {>- CO Q 
O CACVi ^ 
rH rH 
t ( 



C^rHO\CAON-:i-CN2VAONOCOC^OVOXA(noO C^VO IS- ^ CA O CA O 
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Pi 
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+s W 
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OlN-OO^OC^OCACOa\vOtVCAOQQO\OrAOrAC^OC^OXACJVAO 
CONOvOtS-vO tvOCAi-HO fHrHCO rHxAxO OO-d- CACAUAC^COA 

OnCMXACVJ IS-XAVOCAVOCM VACVj ONrHOOXArHCAONCV CM [>-3- CM rHVACM rHUA 
^'XA-^'A-^t-^^XAVAVA’JAVOS-vO C^vONO\OMDXACN-i>-\OXAA-MDMDNOC>-vO 



+> 
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'H 4) 

a SM) 
Pi ® O 
+» Pi i-H 
;o O M 

a 

H-j 



OCAOOUAXAOC^-:i-XAC^^CMvOtMCMCOOOOCMOtDOX)VO\ 00 (MON'.A 
OCM CM-cJ-COO rHOONONCOC^OOCM CAnOOCACA-^' rHCM O rHO r-lOxrH 
rHrH rH rHrH rHrHrH rHrHr-IrHrHrHfHrH rH 
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O 

IaO 
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O 
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PS 
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On-^ P^tN-CO 0\0 r»-CA-:i-CM CM OOOC^OtMoOCAVAp-:i--:t\OCOCMOO O 
COQ-3-CAXA0O HCACM rHCA-:tO\OOvOCOC^^O rHO^" rHvOrHS-VOOvO 
O^viaCM^^VO CAC^CA-:^- rHO CMCOxOCM-:^ 0^000 CACAOxO rHCA^ 



UAXA-d- XA- 



XAXAXAXAXO C^A-A-xOvOxOvOvO tS-A«-xO xaCx-\Ov£)xO A-xC 



4* 

a 

C 0) 

•iH dxO 
C5 <D O 
Pi M rH 
+» C X 
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Cx-OOtArHXACMO\XAOOCArHOOCMOOXArHrHxOCAA-QOOxOOCM-yOCACM 
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Pi 

O 
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(d 
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-H 
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ONA-CM ONCMCOxOxOCM OOOCOCM OXAOOOCAXAOXO OOOOO A-U',| 
OOCM rHCO-d-OOCACMCM rHXAA-CT\000\CMCAXA-d--d-CMxACOA.OA-XAO.:i-! 
rH UAXArHCTxA-XO CACO-d" CAO rH rAOOOO-d- XAO XAOxOxrH^ OxA-O-d CA^ 
uAxr, -d- xA-d-d" XAXAXAXAXO A-A-A-xOxQxOxOxO A-xOxO xaC^xaxQxO A-xOi 

I 



»r' 

T 3 

(0 

O 

« 



0) . 

& o 

s® 



Pi 

Q> O 
f^O 43 

a o 

o cd 



rHCM fA-d-VAXO A-COCTxO rHCM (A-d XAXO A-OOCTxO rHCM CA^-XA’O 

rHHrHcHr-HrHrHrHrH iH. CM CM CM CM CM CM CM 



CM c3 



O 

00 



CM 

CO 

rH 



xO 
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stiffening Ring Breadth s 2>-l/3” 76 s ,5 Load Increasing March 29. 1950 

Load I 0 I llOOO 22000 j 33000 i 4^00 
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a--' COCOV^C^CM CViOCVi C^COCOCOVi'x^ OOOOCO Q-^ 

a> o o\iHC\Jooocx))>-r^. r^cn!>-ocvi^c^ 

f-l iH 1 ^ rH rH rH rH rH i-H rH CM i-H rH 

o 05 I • 
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•H 


0) 
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73 


0 




d 






u 




0 




p 


f'D 


ca 


d 


0 


p 


♦H 


'd 


'd 


ca 




0) 


>-8 


(4 



o T-»o\vo^ r^j>- 

«HOCTNCr\i>-coc^aDi>- 

i-H 

I I I I < 



COOVj^‘ 0 <M'^'ACVif»^OC^OO^OC-OiHQ'nOrM>-f-« 00 -:i-COOvr» 
COCO-^*-iC\iOVOCVJ C^C\J iHVP>QCv,C\l O\rHO\-3-C0J>- U^VO »A 0\ vPv VTvCO VTv 
r-i O 0\VO '^On'ACJ On-3- 'AOnO C»vO O VACO ONfH^ CO l>-0 CACA 
'A'A-^ \AU^^ VAVAVAVAVOVO C-A-vO C^vOvOvO C^vOvO vaC^vavOvO J>-vO 



-P 
•n <D 

a gvo 
<D Oi 
■P 

CO O ►< 

c 



0 - 00 - 4 -CM r^r^OO^VA'ACV^O^OOOC)OJCACAC^^\OtHCA-:^•'AO^CO^OA-^ 
Q rw __i f\> * rrv on r\) rJ n) ns n) rr\ — i r\; ns n» m m /s^ m fSw m 



I i 



i — I rni V-/ -sw^ I— » » v-^\ VA^ "vi,/ w'* 

0\r-jC\iOOOO\COCMCM(\)i>.0\CVlCAiHCVJO\OOOCOCs.COJ>-00 

I — I I— I rH rH r — t rH r — i rH rH rH rH 

B ( t I I I I 



u 

o 

-p 

ca a 

O *H 

•H -d 



0 <MOCOOCA^O^OCs^u^cO'AQOO^O^AOrHOCArHO^-OOCM^-C^J 
CO-^COVACAO\-::J-CsJ C4 rHOCVivO^ 0\rH rHVOO'spcOU-\vOvOO-vO CAOnCA 
rH'A. 5 iH 0 \ 0 -v 0 CAC 0 -^CAO<M^C 00 \'A'AO- 5 - 0 \ 00 CviCA 0 NV 0 
VAVi', ^ VA-:^-:J- vA'A'A 'AVD !>-C^J>-vOvO\OvOvO C^vDvO vaJ>-u^\OvO I >-‘0 



i "5 rt 



54 

H 0) 

c3 SO 

C> O 

r- 



O C\i CA-4- 'A-^t 000 rHC-A-CAr^ l>-0\0 iHvavaO 

rHp}-CA-3-0\iHCvao rHOOSOOCACvJCViI>-a\CS3CArHT-HO\OCOCOCOCOOOCO 

,— 1 ^ 1 _J«i 4 —I ^ ^ ^ — I t ^ 



CO CJ 



( I 



I I 



I — t 

I 



(iO 

c 

•r -4 

0) 

rt 



CACVJ OCMOOCJpi-OC^A-OOOCMOJC^C^QCOVArHOVA'A'OOCOOO 
C-QCVJO CAOOCJCM iHOO rH (AiHOPi- rH^O-:3-00'sO{>-00\rHCM rH 
O^'AC\J 0 pOOCAO-CA-:i-rHr-HCAG 0 t>-CA-TCr\CArHA-CACviOVACviCMxA 
^A'ApI- »A3-Pi- 'A'A'A. 'AO A-l>-A-0000 VAC-C^O VAC-OO -O B>-0 



Ci 

d O 

•H SO 

nJ o o 
u u, 

-p O K 
CO Ej 



rH iHcJ-J^-O'AOCO 

rHOOO HCv-OO 
rH rH I — I I — I 



rH^OCAOCMOrHOOOOOCVJ^Pi-OPl-CVjCviVACA 
A 3 -j 3 'CSiCArHOOO\C\lCAiHCvJONOCOONOOCOOOCO 



I I 



rH rH 

« 



CA O CAO CAOO-:tC\J\OOJ>~CA'ACA'C%CAOOCVJCOOPi-OOrHOOQO 
OO'A-^-ri-OO iHOOOvOvOCO CAC^CVJ iHCACsBCvJOOOWArHO^O 
(3\ C\J VA w O- 'AO CAO CMpf rHO i-HCOVArHCACACM C\JO^ rHrH'ACAiHO 
^ VA-:t 'A-'t-^t 'A'A'A'AO J>-C^<>«0000 VAI>-C^O VAA-OOO B>-0 



H 



-H 'd 



CM <7n os O A- CAO CM 'AO CAO 'ArHOsCMpj'OCMOCMOOPi-'ACQCM'ACA 
'AfHCA'A'A'ACMC^OOOPi-CACO'ArHOsCMOsO rH^BN-A-OPTCMCD'ACO 
00 rH VA CAO •4‘'ACA'AO'ACACOOCOCAOSrHOSrHCA'A''''rHCMpi- CAOO 
J2F 'A^ 'A-3--3- 'A'A'A'AO l>-0 B>-00 'AO 'AI>-J>-0 VAC-OOO J>-0 



0) 

a 1 

o 



u 

0) o 

M p 
CO o 

C 5 ca 



CM (APi- 'AOJ>-00 OsO (HCM CApJ- 'AO IS-OO CJsO rHCM CApJ- lAO «>- CO CJs 
rHrHrHrHrHrHrHrHrHrHCMCMCMCMCMCMCMCMCMCM 



O 

00 . 



CM 

CO 



O 

A- 
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o 

vr 

0> 



0> 

cxi 

Si 

V 

a 

s 




<M r-^r^C^c»^(*^r^<^Jv0C^C3^^^^^O'^0vrv0O00lH^*^^^O £>^ 4-00^00 
iHOOOOOOOOOOOOOiHOOiHOOOOfHOOOOOO 



-4-OQC^O\OC^-4- rHOVCvl OC^t-IC^C^OO O rHvrvrxOOC?\COOO . . 
vOCVj^'AvOVACXjJS.rHCO'A^OO'AO OSC^O iHrH^ C^CO r-l3- i’^a»'0 0\ 

op rHvr 4 c^\p^vAr\vr^O'Ap'\a 3003 r^o\c\J o^»r-Jc^xr\u>,rHCvj^ c*xOxO 
^ vr\-4-^ vA'Ava'AvO C^xO C>-xOxo xr>vo v/^INC^xo xr\c^\ox£>vO C^xo 



d 

'tH 
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o 
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o 

»cJ 

(S 
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+S 

a a 

’H 0) 

RJ 0x0 
© O 

CO o « 

d 
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C^QONxOC»^tXi|N-CXJOO-COXACOC^OOCXlC^(nrH(7\OxO^ m0OrH(^»0OW', 

o ^ rx^ cjNrH rHo rHOONcocxicxicxi c^oncxj iTXrHcxj o. ocooooooo<>-ao 

rH i-Hl r— 4 ,rH f~4 ^ 
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1 ! t 
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xrxo OsxOxOCOCOOOOCXj OxOvr\c^vO rHOO iHCXioOOxr>cQ f^00f'*t 

Cs-c^xrxxrxvrvc^ocxjcxl HOOXrHOOCXlC'»(rxc^\rx^CxjoOC^r-*xrxc^OU-xo 

ONCXixrxcxi C^vrxxOC^xocxixrvfHO «HoOxOrHC^O\CxJCXJxo^Cxl r^^o 
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■H © 
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+> 
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xAVA-d" VA-O’.O’ VAVAXAXAxO C'~C'>-C'~xOxOxOvO XA Cv- A- \0 xAA-vOxOxO C-xo 
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.HVA-d- rHiOxoOxO CACO^ CAO CX13-00 CTxXAXAO^ 0.00 CXl CAOxO r-ifA^d* 
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1 Stiffenine: Ring Breadth = li" % = .2 Load Decreasing April 1 , 1950 I 
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^ONO\CM^vOCMvT\Q(>-CQr^COvOvOOV^CMrHrHQCviCMvOCO-^ 0 \vOiH 
(>”C 3 \crvCMxOf^-R‘CM- 3 ‘ON^CMO-Cy\(Mc^COrHOOO-R‘VOvOiHCM-R-C^OO- 
3 '-R'-R‘' 0 \^j:}-vrv\r\v«S-^vO O-MD vo t>-MD\r»voviSt>-J>-vO'AJ>-vO\OvO C^MD 


9065 i 
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V^CMr^^^M^C^V^^OOCOHr^r^(M<J^Ol^CMM^|^~C*^OO^r^C^C 30 f»-^C^vr^ 
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r^rH rH (H r— ) rH rHi— IrH iHiHi— 
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Reading 
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Table VIII, Original Data 
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Table VII £,. Original lata 
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Breadth = I 5 " Pore Bending Load Increasing April 1,1950 


0 

CO 

ON 

S' 


Strain. 

Increment 

xl 0 ° 


CO CVJi-ION.:3-CO CM\Tv(M.d- CvJ\T»0 <NJ^ COVfscOvO (M -4' Q 

ON On iH H CO CO CM O- I>- H rN rH iH C^COCO 

1 1 II II CMCMCMCMCMCMCMCMCM 


Indicator 

Reading 
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Q O OH-d-OOONOO'no^OO COCM^CMO-^-VNCMCMCO OC'-CMCMvr\ 

CM t>-W ONOOO QCO ONO o C^-3- ONV^C7N^O CCN'nVN-q'NO C^-3- O I-I Q C^o 
^^C»^^r^C^NO^r^l^-CM\r^^^^-ONCMCMO\.:3■ HCJN^- VANO i-l CA -d" -S’ O t>- 

'A NO C^NO vO C^vO 'A NO NO C^no CN-.^FcO'AC^nACOVA 


g 

ON 


strain 

Increment 

xlO^ 


NA ON CVNO C^^C'-QOCO'AVAHCO ONACOCO^ONNACANACMrHCMcAHNA 
CO CO rH CO r- CMC^nO cm iH rHNOC^CMCACA-^-d'-^NA^^^ 

. CMCMCMWCMCMCM^CMCM 

1 II II I 1 1 1 1 1 


Indicator 

Reading 


CACNjcOCM\A-d-r-IOOcOOOVACMNOvOCQOA-CMOCMNA»HCACAl>-CMO 
CMCN-QQHOQp-jCACOCTNtN.XACO'ACTNCQNANO CMcOCAt^-O^CN..:^ON^A 
OCM^CMCONp.3‘CNl\OH-:^rHCN.ONCM(MC3NCAO Cn -\0 CAODCJnvaHnO C^CTn 
xrv NA -d- NA 2F -d- 'AVAVA'A^ l>-NO NO r-vo ^ANO NO C^nO b-3- C^NAb-NAC^VA 


21850 1 


Strain 

Increment 

xlOO 


NO H CAON O C7N V^\ANO O 'A CM CM NO CA CACO CJN CA-d- l>- CAOO CA VA i-l CJN 

(ON ON (ON H O- O- CM iH CM O-CO CACACA-^^-^t 

CMCMCMCM^CM CMCM^ 

1 II II 1 1 1 1 1 1 


Indicator 

Reading 


COCAHCOCO OCOOOQNA NANO ^nOiHOCMcA<ANAOnOCJN^HO<-|nA 
CACO Q H CM CA Q CANO CMCOOnnOC^vaOHCO OnOnHCOnCMvacO CnJcJnnaCJn 
CTnH-^CMC^VA^ CMNA»-l-2rHC>-C0NCMcAC7NCM ON^COnOHnO C^OncOnaH 
^VA^vA-d-^NANANANANO C^nO NO t>-NO NANO na C^nO Cn-na vanO na C^nO 


0 ' 10960 i 


Strain 

Increment 

xlO^ 


CA CA CMnO CA-d- CON H CA CM CN-NO ^ CA-d" CON H C'-CJ\ iH NA NO CM CA 

CON ON COnCO CO IS- i-I cm CO CO CA -d: CA ^ A 

1 II 11 1 CMCMCMCMCMCMCMCM 


Indicator 

Reading 


W CM CO C^CO r-l CANA-d- O O C^CO 00 CACACM CA O ON CM CM CAH NA O ^ 

^ CON CA CM CANA H ^ S v^(0 H Cn.no NA O CO CO H nananO NO H CM CA H ^ 

CpOC'^'^-=t'=^CM3'O.5CMCN-CACMCAC0CMCACMH00CA"d'O HCA^ 
NA-d- NA-5r 3 - nanANANAnO CN-vONO ^'NO NAnO na Cn- ts-vo NA Cn-nO nO Cn-no 


CACA H CA CM CO CAC>-CO^-d-CM 0^-CACMCAOCA'AOCMCMCO«-^COCA 

.^OnCACM.:}-nOi-Ixa OCn-Cn-CACOnONAONACM CMCMCACMHnO Cn-CACOnOCA 
^ (A CA CM VA CA -d- CM J- ON^ CM |N- CA CM CACO r-l CO O CANO NO r-H CM ^ CA O NO 
iJ-.^iJ-NA-^iJ'NAxA -A-^NO 0-\0 NO Cn-\0 NAnO na Cn. Cn-nO na Cn.nO no no Cn-\0 
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Table VIII, Original Data 
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Stiffening Ring Breadth = l^*' Pure Bending Load Decreasing April 1,1950 | 


o 


Prom 

Original 

Reading 


O ON l>- -:3- 'A M VO VTv ^ OJ CM VO CVJ 00 CO O C- 00 CO CO O- 

1 — 1 O rH iH |~S 1 — 1 rHrHrHiHi— Ji— liHi~lrHOOOi~l«HO*HOr-t rHO'H 


Indicator 

Reading 

1 


cnOOCOtTkC^OC^OVC-OvOCO OVTvCMOrHOCMOO CMOOOOVH 0Nvr\O 
VA O p VA 00 (AVO H (30 CT\ ^ O C^VO CMVO CACACAiH CACM C^COVAOvr«-H 

^O-TCMVTVCA-:}- cm C)> c}- CMCOOvCMcACOHCO O ^ VO VO H CM^ CA O O- 

-:3-vA-^'A-::^^vavavA-^vO O- vq vO O-vo vavo va O- vD vaOvovovO O- vO 


1 11080 i 


Strain 
Increment 
1 xlO^ 


CM CJv CAVO vO VO CJv VA CAVO -:i-VACM CAVAC^OVOvHvpvAVACMOO £N-VAr-. VA«H 
O On 0\ CO rH CO {>- CM j-1 CM CO (3v ^ ^ ^ VA VA !}■ >A VA VA (A 

rH CMCMCMCMCMCMCMCMCMCM 

1 i 1 1 1 1 ) 1 III 1 


Indicator 

Reading 


ovo ocao-4-vavacmoiHva-^ocoooovo cm\a-: 1 -cacm cm h 

vOOQCAVAvo^xAOVO^CMCyvcOvOHOvCMCM C^vO 0OI>-CACArH-:t CAVA 

COH-5cMvp^ij-CMvA02FcMt>-C3vCMcACOCMOvCMi-ICOCA-^Otv-rHCA^ 
jJ-yA^vA-^-^vAvavAVAvo C^vo vo C^vo vavo va C- O-vo va IS-vo vo vO O-vo 


22010 1 


Strain 

Increment 


COl>-i-|VA-:3-<MvOfHO- (AVO C7v >AVA H CO CA iH vavO CMOvCOO-0-CMO\cACM 
COCO i-ICOO- CMVOVO CMiH CMO-O-CM^CM^CA-^CA-^CAVA 

CMCMCMCMCMCMCMCMCMCM 

III II III J 1 1 1 1 1 1 1 1 


Indicator 

Reading 


CMvaoOOcAOiHCOCAQi-IOO CAVO OOCAOvON^XArHOCAO-COHO-O 
vOOrHCMVAVAiHCACO-^OOOCOODVAOCMOHCMrHCACMCrvCOvOCJvcOO 
OvCM^CMt>-VA^CMvAiH-::i- CM O-ONCM CAOvcAOVAOVrM pHVO D-C3vC0vaCM 
^ VA-d" VA-:}- vavavavavO C^vO vO O-vo vavO vO O-vQ O-vaO-vavO vaO-vO 


33075 1 


Strain 

Increment 

xlO^ 


OOOONCMO-vO-:l-OvvAO-0-(AVA-=}-fHCO-:}'^rHO-fHCOOv.:3-pO-QCM(A 
0-0- CMM3VO CMvavaHCACM rM vavO O CA O CA iH ^ rM -? i-H 

CMCMCMCMCMCMCMCMCMCM 

III III III ! i 1 1 1 1 i 1 i 


Indicator 

Reading 


OCMHcAO-CMVAO-OCAO-rMVAOOVAOvQO-:}-OCAOCMOpOCMOop 
vACJViHiHCACMQH'AOOO O-VO CO va O .5r 00 on va o-vo O- CA^ O ^ CM 
OCM^CMCOvp-5CMvOCM3ri-IO-ONCMCA<3NCAO O-vO (A^OWACMVO 00 ON 
VAvA-TVA-^-TVAVAVAVAVO O-vOvO O-VO VAVO VO O-vO C--T O-vAO-vaO-va 


load 


o • 

M o 

cl 

c!> 


1-1 CM (A^VAVO 0-00 ONO H CM CA^vavO O-OOONOi-I CM CA-:tVAvO 0-00 Ov 

rHr-IrHHiHHpHHHHCMCMCMCMCMCMCMCMCMCM 


U 

o o 

W) +3 
CO Q 
ca CO 


O CM VO 

OO , 00 ^ O- . 

rH iH iH 



Table VIII* Original Data 
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Stiffening Ring Breadth = 3/^" ~ -2 Load Increasing April 3. 1950 


vr^ 

O 

O 

CO 


Strain 

Increment 

xl06 


«HOOC*^Or^iH-:i-OOvO VTv^U^vPvOrHCOvOvOi-fCOCOC^vOrH'ArHvO 

■::1- VO ^ ^ iH cv. cy\ f-» vr> o 03 ON iH ON O ON ON ON ON ON ON 

rH r— { rH iHiH i— |CV1*H CNjCVjiHCVliHrHiHrHrHiH 

II II 1 1 1 1 1 1 


Indicator 

Reading 


NO Q O CN- O CO (3N «H Cv. cO vO O O O rH f-l 00 O Cv- 'A CNJ O ^ \0 Q 

CM 3- CA O- VTV 5 Q 00 ntn JitrHCAOOCJNCACv-CMvprAO'ACNJCMrAOA-S- 

^ CM CM O VO O VO O rH (A^ On 00 H 00 ^ rH C^-vO -:t ON >A VA CO 

vr\ vA^ vpv VfNVA VA VAVO VT\ Cv- A- Cv-vO vo \o MD C^\o C^- Cv- vrv vO VA l>- ^A 


1 26900 1 


Strain 

Increment 

xlQo 


CA O VA VA O VO rH CM CA C3N CN O (A CM CM j:}- CM vO vr> O O CO 00 vQ VA VTv 00 

rH CA CM CA CM rH rH rH O VA vO C^. rH CM VO VA t>- A- VO VA vr\ UN VTy VTv 

rHrH fHrH rHrH rHi— IrH rHrHi-HrHrHi-HrHrHrHrH 

II (0 1 1 1 1 1 1 


Indicator 

Reading 


UN o O O O 00 CJN CA CA rH O ^ iH UN O ON CA UN ON CM UN 00 OO ON ON UN VO 

OOOONOCMCMO^CM^CM CM4--4-OOUNOO^C^OOOCArHUNrHCMCM^CA 

CM UN UN CA rH ON NO -:t ON UN rH O CM CA tS- CA vO O vO \0 ON CJv vO C^- CA O 

UN UN ^ UN UN^ UN UN UN UN CWO vO NO vo tN- vO vO 3- uN vO UN vO 


5 

o\ 

fH 


Strain 

Increment 

zlQO 


OC^Cv-C^rHCMCMCAOvO 0003CAOrHrHvO-:i-C3NOOOOCAONOO 

rH CM CM CA CM rH rH H O vO UN rH CM vO UN vO vO vO UN UN U\ vO 

rHrH r-i rH i-HrH rH rH rH rHiHrHrHrHrHpHrHrHrH 

II II 1 1 1 1 1 1 


Indicator 

Reading 


CM O UN UNO CM O uN O CM ON 3 00 CA 00 UN iH ON CM vO CM U\ O vO CA 3 O 3 

UN 00 UN O C3N UN CA CA rH Cv- OO VO C^- CM CM C3N CJN CA vO 00 O 00 <3N CTv 

rH 3 UN CA O (>-vO 3 00 3 rH CA rH CA vO CM 3 CJN 3 00 (>. O CA O- un 00 rH H 

unun3unun3unununun Cs.\oC^A-vOvOvOUNC^vOvOUNC^UNvOUNCv-vO 


9050 1 


Strain 
Increment 
zlQ° 


rHCAC^vOCJNCAHrHOUN cHvOrHOOHOONrHUNUNOOCOUNOOrHCv-OCJN 

CMCA 3CMCMCMCMCMrH Cv.vOOOHCACv->AOOOOCv-vOvOvO UNvO UNvO UN 

rHrH rHrH rHrH rH rH rH rHtHrHrHrHrHrHrHrHrH 

II 1 1 1 1 1 1 1 


Indicator 

Reading 


CM CACM CM CA O CM Op O VO CAMJ 3 O 00 3 Q CAOO UN CM UN Q vO o CA CA3 

vOCMrHCAl>-OOUN3cMO CAC5cAvOOv03CMuN3rHUN3CACM33UN 

O CAvO CACpvpv03t>-CA CM CAOCAUNOCACACMOvOCM rHCA300CA 
UN un3 un3 3 UN UN UN UN C>-vO O-O-vOvDvO unCN-Cv-mD unC^UNvOvO C^vO 


o 


rHOCAOOOA-rHCAOH 00CACMC^3rHCM(A03CAUN3CA00CA 

3 CA H CA UN UN CANO O CA rH vO rH 3 Cv- CA 00 3 CM 3 CM A- CA UN O 00 n 

CArHv03Cv-UNv03vOrH CAOOOCACAOOrHOOOCM330NOCMCMOOUN 

3 un3 un3 3 UN UN UN UN vo CN-vO unvO un tv vO unvO vp vO vO vO vO 


Load j 


© • 

t© o 

$ ^ 
ci> 


iHCM CA3 unvOCv-OOOnO rHCM CA3uNvOCv-oOONOrHCM CA3 UNvO C^OO On 

iHrHrHrHrHfHrHiHrHrHCMCMCMCMCMCMCMCMCMCM 


Gage 

Factor 


1.80 

1 

1.82 

1.76 

V 



Tatle IX. Original Data 
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Stiffening Ring Breadth = 3/^" % = -2 Load Decreasing April 3, 1950 


o 


Prom 

Original 

^eadinc 


HOCO^tCviCMC^O^OC^ u^rHCVjC^CVJu^OC^pHCOOD-ri-'vOOC^O{>«- 

OOOOOOOOOO OOOOOOI-IOOOOOOOOOOO 

0 1 


Indicator 

Reading 


Q O H CVJ C\J ON ^ CVJ O .4- VN H NTi \A ON ON tH Vi^ CNJ 00 -:3- O CO O ON rN O O 

-3- ON cvj ^ VO VN rN D- o ON fH NO H ^ r>- ON ON ^ r- rg ci- CO {>- o VO o CO CM 

ONrHNp4-r»vONO^NOiH COOOOCOCOCOrHOOOCM3--3-CJNrHCMCMOOVO 

^ VO ^ VO j:}- VO VO VO VO vO r- NO vo NO vo 0- r- VO vo NO vO NO NO NO NO 


9120 i 


Strain 

Increment 

zlO^ 


ON VO NO cor- O VO -3- ON O tH ON VO «H ON iH fOCM iH CM VOO VOCM iH ON r- o 

rHCOCMCOCMCM iH iH iH NO vo 0~ iH »H NO NO CO CO CO NO 0- NO NO NO VO vO vO 

iH rH <H (— 1 rH i— 1 iH i— 1 rH rHrHrHrHrHi— IrHrHrHiH 

0 e D 0 0 0 0 0 0 0 1 Q 1 0 1 0 1 1 1 


Indicator 

Reading 


^ coo rH coo ONCp rH O NO CM rH NO r- ON NO O CM ^ C3N rH ON VO CO Q CO rH 

^CMrHONOOCO-;r-?CMrH COCMONVOOnOVO COnO 3" rHvo^ COCM^-StnO 

o CONO cooONOvo3r-co cmctnocovoocooncmonocMiHOn^ooco 
VO VO -3^ NO ^ -3 VO VO VO VO JN- vO r- \0 NO NO vo t>- C- NO vo 0- vo NO NO r- NO 


o 


Strain 

Increment 

xl 06 


CO CONO VO NO <3N CM ON CO CM r- CM NO CO CM O r- NO CO ON O- O NO CO rH r- rH On 

rH CO CM CO CM rH rH rH NO NO C- rH CM VO CO CO Cn- NO 0- NO VO NO VO NO VO 

rH rH rH rH i— 1 rH rH rH rH rHrHrHrHrHrHrHrHrHrH 

II II 1 0 1! on II 1 0 1 1 0 ! 1 1 1 1 1 


o 

OD 

rH 


Indicator 

Reading 


COCO ^ CO O O 3 -3- p O VO rH NO C- NO O CTv CM CO CM ^ rH 43- CO (ON H VO rH 

CO VO CO VO rH O 3- CO -3- CM CO NO NO CM CO O rH 3- VO 00 CO rH t>- CO 00 O (0\ 

rHJ^-voCOOOON03-C03- rH ON rH CONO CM VO O 3 CO O- O CO O- NO CO CM rH 

NO N03 NO N03 NO NO NO NO [>-vO t>-CWOvOvOvO O-VOVO noO-nonO voO-VO 


O 

oo 

o\ 

sO 

CVJ 


Strain 
Increment 
' xl 06 


NO C3N CO NO 3 CM NO NO CO NO CO NO 3 O CM O NO CO no CJN 3 NO CO O O O CM 

CM3CM3COCO rH CM CM C- (3N CM no ON NO C?\ rH O O- ON Cn- On {>- ON 

rH rH i — 1 rH rH rH rH iH rH rHCMrHCMrHiHrHrHtHiH 

II 0 It II 1 1 1 g 1 1 1 1 1 1 1 1 1 


Indicator 

Reading 


H rH CO CONO CJnCMvocOCM COCOCMOCpONOCONOCO»HrHON003NOCM 

OC3NNOCMCOrH3CMNOCO rH330030NOC7NCMCONOrHcprHNOCMNOCO 

CO NO NO CO rH ON ^ 3 CJN VO rH O CM CO 3 NO O NO NO (On ON 3 NO Cv. (>- CO O 

VO no3 NO N03 NO NO NO NO C- IT^NO NO NO NO C^NO NO 3 NONO NO C^NO 


1 Load 1 


Gage 

No. 


rHCM C03 nOnOC^COONO rHCM C03 non 0C^C00NO rHCM C03 vOnO CO ON 

HrHrHrHrHrHrHrHrHrHCMCMCMCMCMCMCMCMCMCM 


u 
o> o 

tm 43 

cd o 
c!> d 
P-4 


1.80 

1,82 

1.76 



TaMe IX. Original Data 
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Stiffening Ring Breadth s 3/^” = .35 Load Increasing April 4. 1950 


\r\ 


Strain 

Increment 

xl 06 


o iH CO ON 0^0 cvj iH 00 Oi ^ Cvi OD 00 ON NO Csi r^ ON JN- VA I>- CO 

O CNJ CNi CM CVJ O- ON o CM CN- (HNO NACACA iH CM H O O O O O 

rH fH iH 1 — ? r-i iHCMfH iHt— SrHiHrHrHiHrHrHrH 

11 1 1 ! 1 1 1 1 


ON 

o\ 


Indicator 

Reading 


CA-:J^OOCMCAOO-:tOOCA iHtHOCMCAOOCMOf-ICAiHOCMCjNON|N-C'-CM 

A- CA CA CA^ ntv C3\ Q 0\ A- OOCM'ACAOVAONA-CAvOrHCMrH^C'-VOONA- 

CAO-VACM CM O VO ^ O NO (JN CM -:J- C CO O NO NO CJN CJN NO NO IS- CM O 

\A VA-^J- NA VA NA VA NANO VA NO O'- A- O'- CV NO nO no IN- no NO A- nA no va A- vO 


o 

00 

ON 


Strain 

Increment 

xl 06 


iH 00 O na (ANANO ONNQ 00 »AOC3NCAONA-OOr-<tHCMa5HCMON(?NCN-iH 

rH CAC^N-:t CM CM CMrH C^- CJN O CM A- (H A- NO -::t -:3- CM CM tH iH O O O rH 

rHcfH e—i f— i «-H(tH rH o-HCMrHOrHrHrHrHr-li-HrHrHrHrH 

1 0 s 1 e 1 1 1 1 


Indicator 

Reading 


nOOOCAOCMOCANACA CAOCMOCN^OCMCACMNACMrHOOCMCMOO 

NOONOA-AJCAC3NrHCv.VA VA CA iH H ^ CA rH C3N O C?n O VA A- A- On CO 

CM NO NACM rH CfNNO ^ ON na OrHCA-^CJNNAA-O^OOA-OCAA-'AOOrHrH 

VA VA -:)■ VA VA -3- VA VA VA NA A- A- A- OvO NO nO NO A-nq NO nA {>. nanO VA A-vO 


1 19910 1 


Strain 

Increment 

xlO® 


VA CM O ^ rH rH 00 00 CANO CA C3N CA CM CA O CJN CM CA 00 CA NA 00 O CM C?N CJN C3N 

OCACA^CMCM CMrH A-OOOCMA-rHVAVACACAiHCMOrHOOONO 

rHe—j rH rH rHrH rH rHCMrHOrHrHrHrHrHrHrHrH rH 

S3 3 3 0 1 1 1 1 


Indicator 

Reading 


NA CM O 00 A- ^ CM CJN VA CQ Q CA Cn- CD A- O CM CM CA CA O O O CA rH CA rH 

NANO ON rH CTN O 00 CM 3- CA CM ^ CA 00 3- CM NO NA VA -=J- IN- A- O. A- NO 00 00 CTN 

rH VA CA CJN op NO -4- 00 -it rH O CM CA CN- CA NA ON CA C7N NO rH H 00 ^ CJN O CM 

VA NA-a- vA-3- 3r NO VTN VA u-\ A- A- A- nO nO nO na A- NO nO na IN- na vO na nO 


0 j 10100 1 


Strain 

Increment 

xl 06 


OOOCMCA^NONOQCArH C3NrHOOO-^A-C^A-rHC3NOA-rH^OOOI>-CA 

rHCA A-WCMCA^CMCM OONOCMCOrHNONA^CACMCMHrHOrHOH 

rH rH rH'^H rHrH rH rH rHCMrHOrHrHiHrHrHrHrHirHrHrH 

0 1 O 0 still 


Indicator 

Reading 


OOOCMnOnOnOOnOON rHrHONAC^A-rHOCJNiHONACMOrHO-^tO 

NACACMNOr-OOCN-CACMrH O na CA nO NO rH Q O «H 00 NO ON 00 00 NO C3N 00 CD 

O CA'O CAOP Np NO A- CA CMONrHCANArH-3-ONCMONACMOONCAOC3N-3- 

VA NA NA 3F -gp na NA NA NA A- NO A- IN- nO nO NO na A- A- NO nA A- nA nO no NO NO 


QCMCMNACMOQOCAOO OOCnJNACAO-:;J^CAOOOQCMH^CAOIN-CA 

-5 CJN CM CA VANO 5 IN- O ON rH NO CM CX> O CA -3- A- CM ^ CM A- ON na O IN- rH 

CN rH NO -j- IN- NANO -3- NO H CA CO O CA CA C3N CM 00 O CM 3- CJN O CM CM 00 NA 

3- NA^ na^ ^ nanavana a- no a- a- no nano na a- a- no nano no no no no no 


Load 1 


Oage 
No . 


iHCMCA-3-nanOA-OOOnO rHCM CA-3- nanO IN- 00 ON O «H CM CA-^t nanQ A- CQ ON 

rHHrHrHrHrHrHrHrHrHCMCMCMCMCMCMCMCMCMCM 


Oage 

Factor 


O CM NO 

00 ^ OO ^ CN- » 

jH rH rH 



Tatle IX. Original Data 
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Stiffening Ring Breadth = 3/4” '^/ 6 - -35 Load Decreasing April 4, 1950 


o 


Prom 

Original 

_ReaiiinfiL 


1 

QfHCOU^rHOOOiHO C^rHCViC^iHrNiHrHC^OOOOrH^-C'iVPvOjNO 

OOOOOOOOOO OOOOOOOOOrHOOOOOOOO 

0 0 t i 1 C 1 S 8 B 1 


Indicator 

Reading 

1 


OrHOQiHOOO^CViOO C'«-rHOOOC\lO-O^CM'rNOQOOrHvrNvr,vrNON 

^ ON rN-3- NANO .4- O ON rH VO CVJ CO ON O-ii- C>- -3- l>- O O C«- rH 

ONfHvD^Cv.\rNvO^\OrH rNOOOC^C^GOCVJCOOCVl^j^ONrHCMCVlODvrN 

^VTN^\rNj:3-j3-vrN\rNvrNVN c^voC^{WOvr\vouNC^D~vO'AvovOvO\0\OvO 


S 

o 
o 
1— ( 


Strain 
Increment 
x1Q6 


tvlpOoOONvOXTNOOrN vr\ONOO\l>-COrHrNvrN^^OI>-'AVArNr^rN 

rH^C^^CVjCM rHO^CNj (>-ONOrHC^rHCv-v0^^04rNrHrHHrHrHiH 

rH rH rH rH rHrH rH rHCVJrH rH rH rH rH r-H rH rH rH rH rH 

DO BIO OB B B 0 B I 1 1 1 B 1 1 1 


Indicator 

Reading 


COrNf^tOCVlOD>-rArH(M xrNOCOC*^rM>-rHONDOrHO^vrvr^U^^vrN 

U>r\CNJvOCOONC^rNCfNCM OvrvCNjvOvOrHrHrHCVja3Cv.OONCOCv-ONC7NQ 

o r^vo o~\c6vo\o^r-rN cvioNrHc^vfNrHJi-ONCvJO'no^ooNr^ooN^ 
VTN VTv UN VT\ VTN \T\ VTN vO IN- l>- vO vO vO 'A CS- l>- vO UN C^- UN vO vO \Q vO 


i 20000 i 


Strain 

Increment 

xlO^ 


CMCOiHUNOOC^COOOvrN ^OvOCAUNOC^OOiHOvCArHOUNON^O 
OCVOCA^rHrH i-HrHrH Cv-ONOCNlC-rHUNUNCAHi-OCNJOrHONOONrH 

rHrH rHrH rH i — 1 rH rHCVJrH rH rH rH iH rH rH rH rH 

0 1 III It 1 0 1 B 1 1 1 1 1 t 1 1 


Indicator 

Reading 


O CA (A O rH VO tvj CN rH UN O Q ^ Cvj O UN CVJ CA rH UN UN O H O 00 CVJ IN- CVl 

IN-Cv-ONCVlrHiHODCVjvO^ CA-3-rAaO^CAaOCv-|>-Ji-ONC^rHC^OpcOOON 

rH ^ UN CA O op vO ^ CO -3- rH O CVJ CA CA UN ON CA ON VO H CVO CO 3F ON rH CM 

UN UN ^ UN UN 2F UN UN UN UN Cv- tN- Cv- vO vp \p UN vO vO UN P- UN vO un vp 


o 

rH 

ON 

ON 

CVi 


Strain 

Increment 

xlO^ 


rHCACMUNCAOOOONCOUN UNrHOP-COCACAC^OrHCv-PwOrHvPvPvPO 

OCACA^rHCM rHrH C^CJNHCMP-HUN^CA^OCMOrHONOCNrH 

rHrH rHrH rHrH rH rH CM rH rH rH rH rH rH rH rH rH 

II III II I 1 1 1 1 1 1 1 1 1 i 1 


Indicator 

Reading 


CMrHCMuNCJNCAOCAOCO vpOOUNUNUNONfAH^^C^CMOCArArHCM 

lN-OvP(S.CMrAC3NrHCOUN UNCAj:J-Q Hj^-CACMOOO^ rHvOOO£N-OCO 

CMvpuNCMrHONvP^ONUN OrHCA-3-(?NUNCv-OUNGOCOOCAIN-UNCOCMrH 

UN UN ^ UN UN UN UN UN UN p- P- P- P- vp vp vp vp vp vp un C>- UN vp un vp 


1 Load 1 


O o 

^ o 


rH CM CA-3- UN VO P-COCJNO rHCM CA-^’UNvOP-cOCJNO iHCVJ CA-:±UNVOP-COOn 

iHrHrHHrHrHrHHrHrHCMCMCMCMCMCMCMCMCMCM 


Gage 

Pactor 


1,80 

1,80 

1 

1.76 



Table IX. Original Data 









* 



« f 






^#IK M il/Mifi <911 



.-iM •f**-****^* 



bm»^^tgp»!*H i I* »«!< 't 







i#r 



P |MI«« » • <1 



. « 




• <• • 




- 119 - 



Stiffening Ring Breadth = 3/^” = »5 Load Increasing Aoril 4. 1950 


o> 

ON 

ON 


Strain 

Increment 

xl0° 


l>- CN- CN- iH 00 f^vo VO VTv o 0^00 VO H O O VA 0\ cvi CM rH CNl o 

VO 00 CM IN- 00 00 00 cv. 00 H C^vo tH C- NANO 'O VTv 

HI pH rH 

Hi 1 1 1 1 1 1 1 


Indicator 

Reading 


HnACACJVVACAOOCAnAH CMvOVAC'-’ACMOO CANtnOOOOOOCM hcmo 

CMOCAOOCACMQOOvO vOtN-CTVVAOOCMOOOtONCTNO-vOVAOCMCM^CA 

CA C- VA CM CM O tS. 3- O VO CJV CM ^ ^ pH 00 00 O tS- O CM 00 CJN H CM 

VA NA -4‘ VA VA NA VA VA VO NA vO IS- P- vO vO vO vO vo VA tS> XA vO VA C- vO 


o 

o 

C\1 


Strain 

Increment 

xlOO 


CA OV CD O CM IS P- O CA VA C7V C?V CJV O CM H O OV (7n VO -:3- -:1- 00 H O 

O CA-3- XACM CM CACM <?v O H pH O ^ H CM 00 CMS CO P- P- P- 00 

pHpH f — 1 rH pH pH pHpH CM CM i — 1 pHpH 

1 II i 1 1 1 1 1 1 


Indicator 

Reading 


-:tCOOpP-OCMOvOH vacACMOvCJVpHOOOOHHvOCMOvCMOO 

XA H VO -5 CM xaCM CD O 00 pH O H CA -:t vO P- CM P- H CA O XA P- O CQ 

CMvOXANHCJVP-^OXA OCM-:i--:J-OVOCv.crN-:3-OOP-HCMOO.:l-OVHCM 
XA XA^ XA XA-:t XA XAVO XA Cv- P- P- P- CS vO vO XA tS vo vO xa IS xa XA XA P^ vO 


21990 1 


Strain 

Increment 

xlOO 


CM CAOO CM xaCM CM IS^ CM O vO CM O O O C3v XA OV O O On CM CJv XA O 

O^CAXACMcAH CACM P- CM ^ ^ CANO 00 CA H H CTN O P-CO P- P- P-OO 

HrH HH pHH HH CMCMi-4 HH H 

II 1 1 1 1 1 1 1 


Indicator 

Reading 


honooxacaxacaop- CAOP-OQCMOOOCTnOCMOOvOxAOOvO 
xAP-0(3v0CMHpHCv-xa OOCJVCM^HOCMOOSCMCACACAQXACMnO 
H NO CM O ® P- -:}• 00 H pH CM 00 -:t NO OS CA OV vO CM H C3v -3- O O CA 
XA XA XA XA ^ XA XA XA XA p- p- P- p- vo vO vo xa P- vO vO XA tS xa vO vO P- vO 


1 0T60I i 0 1 


Strain 

Increment 

xl 06 


On NO 00 00 00 CM CA CACM (A P- XA H CTn vO CM pH P- H oO CM O O CA CO ON O O 

O CJV CM CAVO XA CA CA CA H CA CM CM xa CO -:t CM H C7\ O CO 00 P P 00 00 

H pH H pH pH pH pHpHpH CM CM pH pHpH pH 

1 1 1 1 1 1 1 1 


Indicator 

Reading 


CAVOCOCMOHCAOVOO rHOHCOOCMOCJ\-:tC?VCMOHCOHCJV-:i-0 

•3- CA CA -:t 00 C3V O CM CA CA 00 OO XA P H xa CM CO CJv O CA CA XA H CA CM XA^ 

O CAvp CACP vb P^ P CA pHC3vHCAvOpH-::tOOHHXACAOOCAHOv3- 

XAXA.=r xa 3F XAXAXA XA PvO P P vO vO vO xA P PvO xa PvO vo vo vo vO 


CD O O Q CM C3V Q CA-:i- P 00 xa O CJv -::J- O Ov CM CA P Q O H pH CAOO -:t O 

-3- CTn CA^ XA xa5 P O ON rH vO CM 3" 00 O CA-:t P CM ^ CA P O xA O P CM 

C^ H vp 3 P XAvO 3 vo H CAOO O CA CA CJvCM 00 O CM 3 3 (3V H CM CM 00 XA 

3 xa3 xa 3 3 XA XA XA XA P vO P P vO xAvo xa P P vO XA vo vO vo VO vo vO 


Load 1 


Gage 

No. 


H CM CA3 XAvo POOOvO HCM CA3 XAvO PcOCJVO HCM CA3 xavOP00Ov 

HHpHHHpHHHHHCMCMCMCMCMCMCMCMCMCM 


G-age 

Factor 


1.80 

1.82 

1.76 



TalDle IX. Original Data 
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Stiffening Ring Breadth = 3/^” ^<5 = *5 Load Decreasing April 1950 


o 


From 

Original 

Reading 


Or-fOC^CMnHO^C^^ ^CMr^lHr^VOr^lHr^r^0^r^CMU^CMr^CM 

oooooooooo oooooooooooooooooo 

S i B it B e E 1 B 1 


Indicator 

Reading 


Q ON O r^O CO O O'- iH CM C*^CNO rH ^ Q rNCM O Q ^ O Cf\0O O CM 

-O' X) rN -d- 'A vrv ^ t>- O CJN CM NO rH \A CO C?N^ ^ O- CA {N- O VA rH 0- CM 

^ rH NO 4- VA NO NO iH (A 00 O CA <A CO CM 00 O CM 3- -:i- cr\ rH CM CM CO 'A 

3" na^ NA^ -;}■ UN UN va.xA C^no O-O-nO nano 'AC^C^nO nanonOnOnOnOnO 


1 11060 


Strain 

Increment 

xl 06 


CO rH On CAOO O ^ CTn (AO CA CM (JN CO <7\ C3S NO CA O »-B O O VA CA O rH 

0-;S-(»NVACMCAiH CACA COrHCMCMrHVAC^cJ-iHCMCTNOOOOOC^OOC^OO 

rH 1 — 1 r— t rH r— 1 tH rHiH CMCMr^ iHiH l— B 

1 'i DIB ID 0 e 0 1 1 S 0 i 9 t i 1 


Indicator 

Reading 


OCOCDCACMiHCAONCNO «HCOOOCMOO*H^\AOOHOOOCMOCAH 

VACA-3-^OOCJNOr-»(ArA OOC^^C'-O'ACMOnOiH^ CANO CM CANO -:3- 

O CANO CAog (A iHCJNrHCANOiH^OOCMr-BVACAOOCArHCTN^- 

NA ^ -4- VA 'A 'A VA VA NO NO NO NO 'A l>- l>- NO VA NO NO NO NO NO 


o 

00 

o 

(M 

CM 


Strain 

Increment 

xl 06 


r-IVAVA'AOOCMOCOiH ^CMcHCMCAOOINQOnOOnO CAnO (3N-4- O 

OCACA'ACMCMHiHCMCM COr-BCACAi-|VA«>-C*'rtCMCOONC^OONO^-^00 

rHrH rHrH rHiH HrH CMCM^^ HiH 

II ill 11 0 B I 1 S 1 1 1 1 1 1 i 


Indicator 

Reading 


COONiHOOrHC^OCMO COOC^OCv.OOOO^OCMOOVA'AOC^O 

VN o (?N «H CM rH rH NO ON ON t>- CD CM H O CA iH C3N CA (A -S’ (A H ^A CA NO 

iH NO CM O 00 l>- 4 00 -4 O O CM ^ 00 ^ NO CTn CA C7N MO CM iH C7N 4- O O CA 

VA >A 4 'A 'A -4 'A \A VA \A 0-t>-0-£>-NONONO naC^nOnO naI>-vANOno C^nO 


1 32920 i 


Strain 

Increment 

xl 06 


CM rH CANO ^ CA rH CA'A O CM 4 ^ 'A CM O ON »A CM CACO CM rH O iH O 

NO C3N (A CM CN- CO COCO ^ tv 00 CM 4 NO rH CM NO C^- vanO 4 4 va4 'A 

oH «H iH 

II 0 1 III 1 9 1 B 1 I 1 1 1 I 1 1 


Indicator 

Reading 


ON4NONAOOONOOrH 4cM00CMpoOVA4O00rHOCMHrHiHO 

VA >H NO (A (A 'A CM Q O 00 rH O (5 CA 4 nO «>- C^- CM rH CA rH VA OO l>- O 00 

CM NO VA CM rH C7N O- 4 O \A O CM 4 4 O NO l>- 0\ 4 00 rH CM 00 4 On tH CM 

VA v^4 VA va 4 NA NANO VA (>-A-t>-[>-(>-NONO naO-nOnO vaCS-NAnO naCN-nO 


1 Load 1 


0) • 
o 


rH CM CA4 NANO Cn-COCJnO iHCM CA4 vanOI>-00(7nO rHCNl CA4 vanO C^OO CTn 

rHfHHtHrHrHHrHtHfHCMCMCMCMCMCMCMCMCMCM 


Gage 

Factor 


O CM NO 

00 _ 00 _ CN- 

• ■ ^ V ^ 

iH iH iH 



a 

4» 



(S 

Q 



1 

'So 



X 



'S 



* • * • • • 



» *■ 

4 I ♦ 



(liltUkaUf 



• • 



I f»l 








I I « • « • » I 



\9 



I I 
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> t 
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Stiffening King Breadth = 3/^" Pure Bending Load Increasing April 4, 1950 


o 

CO 

o> 

tr 


Strain 

Increment 

xlOO 


C^C^CVJC^VOV\COOCOC^ vOOOOJC^rHCOvOvrvCOO^OOOOOQiHCO^ 
O 0\ iHCNCO CslVOC^ CVJrH 

r^ rHC'JOJCJCQCNJC'iCJCVJCNjCVi 

0 1 OB 1 B 0 II B 1 1 ( B 


Indicator 

Reading 


O-j-rHC^ODvrv^OOO CJOO^ON<7\0(>-rHO-OOC\JQCOCVlCOvO 

VO CO CJ CO ON O C3N C- (O ONCVi C^CVi CO O CO CNVOVO -5 c*^ 

C^vr^vOC^rHCOvOC^OO^ CVJ(v-OC>^C>^<3NVOWOCVlC»^^ONrHCVJCVJCO'A 

VTv VO j:}- u>k VTV VTv Cv. VO O- o-vo vr\vO VO CO vO O- -3- (N- vn IN- VPV cv- VO 


o 

CQ 

ON 

C\J 

m 


Strain 

Increment 

xlO® 


vOCTvCVJOVtncvJOOvOO CVJj:trHrHrHVA^OrH^f-lCViCMQCO-3-Cv-C^ 

OON iHCJ\CO«HCVivOCv- CVJrH iHCvJO\OO^C^C^^^-3-C^-:tC^^ 

rH rHCVJCVJCVJCVJCVJCVjCVJCVJCVlCNJ 

0 1 0 1 1 0 a 0 0 0 1 1 i 1 


Indicator 

Reading 


fS-C^C^OCvJOCVJOCVJCv- COCOCOCv-QrH^CvJC^OOOCMCOCOr^OO 

vrvCOCVJQ^rHrHi-HOQ C^OrHC^^vOC^-^-O-CVjvOOCVlCv-ONC^rHCO 

CVJ Jii- VO -3- O op VO -3- CO ^ cvl CO O 0^ C3N VT\ rH O- VT\ IH (N- O- ON ^ VO O- 

vAvPv-3‘VOvPv^’*A'J-vvrvv/> £N-voO-Cv-vO'Pvvovoo-voi>--3’Cv-vr\vovPv{N-vrv 


1 21900 1 


Strain 

Increment 

xip6 


C^COVAOCNC^CVJCHcnrH {>-C^rHr^CjNvOvOC^CVlVOCHOJ^CT\rHCVJONC^ 

OON rHONCOr-IrHVOC^ rHi-H CVJONOC»NC^C^^-3-C^^^r^-3- 

rH IHCVJCVJCVICVJCMCVJCVJCVICVICVJ 

to 0 ! 0 t B B B 1 1 1 


Indicator 

Reading 


rHCOVNOCv-COCVJOvOlS. OCVlCJNCOrHvOOCVlCVl^ONCVJOOOOO-C^BN. 

vr\COCVJrHJ3-CVJCVJC^Cncn VO<MrHC^VP»C^^j:}-jd-vrvC\lj3COrHVOrH{N-CVl 

iH C^vp .3- ON Cv- VO ^ CVJ CO O cn ON 3- O VA l>- ON CJN -3- ^ o 

vr^ VTN ^ VP) jj- j:}- VA vPv vpv vpy B>- vo tN r- vO vA vO vo Cv- vO vo -3- Cv- vP) \o O- vo 


1 0 1 10940 1 


Strain 

Increment 

xl0° 


OOCVlCVJCOCOO-OCOCOVPk CAO-vPVrHOCOCv-rHCAvOBN-vO^CvJCJ (AvO CO 

OO rH ONOO CM VO £v- H rH CM CTv O 0^ ^ ^ ^ ^ 

rHrH iHCMCMCMNCMCQCMCMCMCM 

t 0 BIBO B 1 B 1 1 


indicator 

Reading 


op O O O CO VA.3- CM CO VO O- vPv CO VN o O -3- CJn O O (>- -3- vo O- CJn On .3- O 

3F CBN CA CM -3: ^ CA ^ VO VO C- CA rH CA VO iH -3- CA iH C7N ON CO CAVA rH VA CAtN- 

OCMvO-3-rovpvO^vOCM CMcOOCACACNCACTNCAONvOrHCMCOvACTNHCM 

VA VA -3- VA ^ VA VA VA 'A (n. \0 (N- IN- vO va vO VA BN- vO vO VA (N- 'A vO VA B>- vO 


CpOOCOCOOOO^OOrH OCMCAvOOCMO-COtWOOOCMCJNtN-CMCOOO 

^-OOCMCAVAVACAtVOCJN rHVArHCAtN-00-3-CACv-CMvOCAONC3N(N-OONrH 

ONrHVO-3-tS-VAVO^VOrH CACOOCACACOCMCOOCM^^CTnOCMCMCOVN 

^ va3F 'A^ ^ VA VA VA VA O- vo (N- (>- vO 'A vO VA (>- O- vO VA vO vO vQ vo vO vO 


1 Load 1 


<D . 

tlO O 


rH CM <A^ >ANO Cv-COCJnO rHCM CA^^NO C^OOCNO rHCM CA-3- VAvO {>- 00 On 

rHrHrHrHrHrHrHrHrHrHCMCMCMCMCMCMCMCMCMCM 


Gage 
Pact or 


1.80 

1.82 

1.76 

V 



Table IX. Original Data 
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stiffening Eing Breadth = 3/^" Puxe Bending Load Decreasing April 4, 1950 
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s :dl 

O «H 
ElO OJ 
W »H 0 > 



o 

-P EjO 
ciJ rt 

O -H 
•H rd 

'd ra 
d © 
n rt 



o 

o 



-p 

d d 

<^rt <D 

c 3 Svo 
d © OJ 
+=■ U 

w o H 

d 

M 



U 

o 

-P EU) 
d d 

O =H 
•H »d 
•d CO 

d © 

w Pi 



o 

o 

o 

CM 



+> 

d d 

«H © 

c 3 SvO 

di © O 

■P d r- 

w q K 

d 

M 



u 

O 

4 S M 

a d 

O t4 

:3'S 

d © 
M Pi 



4 J, 

^ d 
d © 

•H SvO 
d © o 

d d H 
■P O K 

W d 



o 

vO 

o\| 

CM 






d 

O 

0} 

O .H 

»rl 'd 

»d cfl 
d © 
»H Pi 



Q) • 

E© O 
d di 
c!> 



3 



d 
© O 

■ ‘ -P 



S H O O O CM r^o CM iH O V ,H i-l O rH CO C^ vO vO vr> \r\ vO VA 00 CO vr» 
O OOOOOOOO OOOOOOvOOOOOOOOOOOO 

I! II II e II I i I I I I 



QI>-COOOOVOJ>-OCMO 
^COCM r^vr\vr»p^cs_o os 
CTS(HvO-d- l>-v^vo-d-\0 (H 



OI>-CM C'-O iHvrvu^oCMd-'nc^vocMOOC^ 
iHu>rHc^l>-co»Hr^c^r^\r\r^coo l>-fHCNCM 
C^CO O O^C^COf^COOCMd-d-ONi-tCM CMCO 
Cv- vO l>- O- 'O v/^vo ^ O" vO vr\'i>vOvO'OvOvO 



CMCMvOCOCAOiHCA^ON COCAfHCAOSl>-t>-0 CMOd-vOCACM i-ll>-0 l>- 
O On On I>- iH t— i no no j— i id Csl CO OrHiHr— liHCMrHCM iH CM rH 

r^ rHCMCMCMCMCMCMCMCMCMCM 

10 11 10 i I 0 0 I I I I I 



nOCOCQOOnO r-lCACO (H 

vaCJnCM cm i«AV\rA^ O-CN- 

OCMNOii'CONpN 03 ‘M 5 CM 
vA'A^ va 5 -d- vanav^vo 



^ Q CN-CAONOVACMCOO VAvO CO CO H O VA O 
iH CANO i-IC>-NArHCJNOC03\A CANO -d Cn- 
CMOOOCACAONCAC3NCACM>-i-ICMCOnaCJNi-ICM 
A-vO Cn-Cn-nO 'ANO nACn-nOnO vaC^nAnO vACn-nO 



nOOCMCMCOCACMCOCn-ON iHCN-OOiHCJNON-dO'AONiHCMOCOCA'A'A 
iHfd idOCJNiHiHCN-CN- CMuH iHCMONiHnOnOVACn-C^Cn-nOC^nOC^ 

fdiH id idCMCMCMCMCMCMCMCMCMCM 

II 1 0 0 0 I I I 0 I I I I 



COOCMCMCM OnOOCAQ 
vAOnCM id^ACM CM CA-d-d 
id CANO d CTN Cj»NO -d CA 
VANA-d VAd-d »AVA'AV> 



NOd idIN-OOCAdCNl Old 
COCO id{S-(N- CM U^NO 

III 01 01 



NOCN-COO idCACMCMOOONO idNOCM (ANACA 
V^CM idCAV^dNOVACACO idCN-CN-d V'jdNO 
CMCOO CACACJNdOVACN-ONCTNdNO C^O-CAO 
A-NO l>- l>-NO nano NOO-NONOdC^NANONAC^NO 



CAOCMd idCN-CXNid id CO CM ONONNOCOCOCOCM 
CM CM H id NO CO id CNl id CA id CA id CA id d 

CMCMCMCMCMCMCMCMCMCM 
II 10 11 I I I I 



dOOOOCMCOCMOON 
l>-OCMQNOCMOirdCMid 
CM vANpd ocONOdcod 
NANAd'ANAd'ANAVANA 



VAOOOOQCM idNO 
CA id id CAd C^NO NO 
CM COO CACAONVAid 
l>-NO O-NO NANO NO 



O VACO CA CANO O O O CO 
CAid(>-ONd«>-CM C^CAO- 
CN-'AidNOC'-CAOdNO 
CVND CN-d tS-VACN.NACN.NA 



id CM CAd nano C^CO CA O id CM CAd vanO Cn.COCAC> rHCNi CAdNANQ Cn.(Q On 

id id id id i — I 1 — ( id id id id CM CM CM CM CM CM CM CM CM CM 



o 


CM 


NO 


CO ^ 


CO ^ 

o 


CN- 

« 


bH 


bH 


rH 



TaLle IX. Original Data 
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1 stiffening Eing Breadth s 7/l6" s ,2 Load Incr-Decreasing April 5, 1950 


o 


Prom 

Original 

Heading 


CsI-:tC\Jcac^J3-0 rNCM OcH<\J^r^-^(NJC\jrNxrvO-^rH-^rHvOiHC^ 

ooooooo oo oooooooooooooooooo 

1 i (I 1 t t II 1 1 1 e 1 1 II 1 1 1 


Indicator 

Reading 


ocsjo\oooor>-c\j vooo ooNcoc^c^o^OrHc^f'-c^^c^^oooo 

NPVNO O O VN -:)■ CM «H CO 00 -:J- ON CM NO NPWO VT\\0 C7N CO C^vo NO O r» O 

ON(HvO^CN-vrk\0 NOrH CMCOONC»N-^COfHOOOiHC«NC^ONOCMCMOOvrk 

3-Nr\^\A-^-^Nr\ vr\vr\ c^vONO(N-NOvr>»vOvr\c^C^NOvrvvovONONONONO 


1 086ZC 1 


Strain 

Increment 

xl 06 


O- NO ON ON -it NO O oo NO ON CO CO VTN NO O CD CM Cn- CO vfN VT\ ,H \rv CN- CM 

^Cn-U>Cn-nOOniH vr»CN- COC^CMCMOOr^NOCN-C^^-C^vr^(»Nr^cMCMCMCfN 

CQ CM CM CM CM CM rH fH rH C^ iH C^ <n C^ (TN C^ C^ C^ C^ 

ODD 1 1 1 1 1 1 


Indicator 

Reading 


NO NO c*N CM ON C*N OO rH C^ 00 CO CJN 00 CO C^ rH CM CO O C^ CM 'A c^- rH 00 

UNiHOtS.ON-:tiH C^CM COC^NTNQONONOOrHrHOOONOOCJNrHC^CMCM 

^Cn-VTvCMCMiHnO rHCN- OrHCM^ONNOOOCMOO-^ONpNOC*^CJNNr\Nr\CO 

vrv VT\ j 3- vrv vr\ VT\ VTN nO C^- o- nO no no no Cn- no O- ^ Cn- »A no ncn vr\ 


o 

ON 

iH 


Strain 

Increment 

xlQO 


IN- cn ON ON ^ NO NO C^C^ NO NO O -=J- VCN rH O O CN- UN CM 00 CN- rH O CN- CN- 

UNCN.-^COCN-ON NONO O-3-C^CMCOrHC^OOOOCN-^NOC^C^C^C^CMC^ 

CM CM CM CM CM CM rH H <H rH C^ i-l C^ C^ (»N C^ C^ (»N C^ C»N 

ID 1 1 1 1 1 1 


u 

o 


CJnOnCMiHUNCn-OO f-l(»N ^NOOrHO~\CMC»NC»NOUNCMCOCMC^O^COO 

O C^ NO UN c^ cj- CM 00 UN CN- C7N C^ 00 rH CO CM C^ 00 ON NO ON NO 

CM^UNONOOOnO 00^ rH (7N rH C»N CM UN O -3- CN- O- O CM CN- UN GO rH pH 

UN UN UN UN ^ UN UN UN no C^- C^- NO nO no nO C^- NO nO uN UN NO uN IN- NO 


O 


Indicat 

Reading 


CMNOrHQrHrHCM COO OOOCN-OCN-CMC^OCMC'-O-^-OON^rHCN- 

UNNO iH .5- NO UN CM jH ON 00 UN O uN ON NO uN UN no NO ON 00 C^ NO uN ON Cn- CJN 

ON pH NO 3- IN UN NO nOpH CMCOOCN^OOrHOOOpHCNCNONOCMpHCO.3- 

^ uN- 3 UNi)- -3 UN UN UN CN- NO C>- NO UN NO UN CN- NO UN NO NO NO NO NO NO 


Load 1 


(1> o 

fU) o 
(A 
cb 


pH cm C^-3- UNnOCn-OOCJnOpHCM CN-3-UNnOCn-OOONOpHCM c^-3unnocn-ooon 

pHrHrHrHrHrHpHrHpHpHCMCMCMCMCMCMCMCMCMCM 


Gage 

Factor 


1,80 

1,82 

1.76 



Tatle X, Original Data 
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c 

0> 
»— 1 

o 

( — J 

u 

w 

a 

to 

c3 

CD 

0 

1 

o 

c: 

Ml 

% 

O 

vr> 

M 

<p 

v> 

0) 

IH 

gi 

Xi 

+» 

t:i 

o3 

0 

m 

♦H 

pc! 

rt 

«H 

CD 

•H 

4> 

CO 


O 


From 

Original 

Reading 


— 

0f^0CVji-<^0 CViiHOC'iMMfHiHMiHOCMiHCVJOr^ca'A 

OOOOOOO O O OOOOOO OOOOOOOOOO OO 

I Si 1 i 1 (lit i 


Indicator 

Reading 


OOOC^OOvr\cn fi^OO C^OvO-itOCTviHC^vr^r-lvrvoO^OO'ncvlcO 

vr\\o rH 0^ VPI^ CM (H 00 o-cl- o vrv r^vo VPV VTV vr>i ON Ov C^vo O O 

CJN*Hvp^^-vnvO VOCM CVlOOOO^-d-QOMCOOiHC’^C'^ONOCMCMOOvo 

3- VTN ^ vr\ i}- -d- WN vr\ u-> (N^vO CNC^vO ^vO vPjO-O-vO ^vOvOvOvOvOvO 


vr 

00 

00 

VO 

r' 


cj p; 

•H CD 
(& SVO 
P! ID O 
4» Pt r-j 

CO o H 
d 

M 


OOC^ONC^vPkCOO OOMQcOOOCS-vOOtHOOC^VOOOOC^^ 

0OCMvr\iS.M\rt cvjvr\ CJ\C^'A-3-cnvrvCVJOfCNja-OOCOOOC^OO(S-00 

iHCM CMCM CMCVl CCN^C^iHCVJCMCMCVJiHrHMrHHM 

0 1 1 1 1 1 1 


Indicator i 
Reading 


ovOiMCMQONiH ^ o oocviooooor-vooNi-f^(N.oooocoo 

£>-^ O O vr\ M c<^ vr> cM c^vO -d- vO 00 ^ O^cQ C^vO -d- M vr\ o 

C'NvOvrvCVicMMvO OCVJC^-:tiHCOCOOvovOOO<3vC'^vOvOOOCMrH 

v/^u^^v/SvrSvTvUN vOVTj O-C^C^C^IN-v0v0v0C^v0v03'C^vr\\OVNC^v0 


20110 1 


Strain 

Increment 

xlOO 


CMOnOvOvOCMOO CMON vrvOM-rtONOOOOcnM vr\vO 00 CVi O CM rH 00 

rNVPjVAOvOOCM C^OO CCNOOOC^avCMONCMOOCOO^vTviHCMrHrHiHH 

CMCM MCMC^ CMCM j-ICMrH C^'OO^rHCMCMCMCMCMCMCMCMCMCM 

1 1 1 1 1 1 1 


Indicator 

Reading 


CMCMOCTnvtnMM OO QOrHOOOQOCJvONOCMOvOOOrH'n 

00 CM VO CM CM VA ONCO -3- VA 00 (3N C*^ (3\ 3- 00 C^N 00 C*^ CN ^ CS- <3\ 00 00 

r-J-3'vr\rNOOOvO OO-T (HOrHr^OOCCNvrNONrcNoOvOrHr-IOO-d-CJNOCM 

VO VO -3- VO vrv J3F VO VO VO O- D>- O- 0~ vO vO vO vo vO vO vO Cv- vo vO vo vo 


o 


OCOOXOONCJvrcN COM VOOOVOMOCMCMVOOVOOOCMOOOCMOCO 

VO VO HI CO VO -3- CM MON O- vo O vo CO vo vo vo ON 00 COvO vO O C>- O 

ON H vp ^ vovO vOr-» CMOOOCO-d-OOiHOOOrHCOCOCJvOCMCMCOvo 

^ VO vo-cj- ^ VO VO VO O- vO O- O- VO VOVO VO C^vO VOVO VO VO vO VO vO 


Load 1 


<X) o 

tio o 
d a 
d> 


rH CM CO^ vovO r«=COONO MCM CO-d-vovOC^COCJNO rHCM (0^vovO(N-000\ 

iHrHMrHrHrHrHrHHrHCMCMCMCMCMCMCMCMCMCM 


Gage 

Factor 


1.80 

1.82 

1.76 



Table X. Original Data 
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o 

vn 

Os 

0— i 

VO 

■rH 

u 

3 

<t4 

m 

a 

0) 

u 

0 

1 

o 

Pi 

1- 9 

o 

\r\ 

o 

S( 

0) 

iH 

Cv. 

i! 

4> 

•d 

a 

03 

u 

m 

•H 

Pi 

Q> 

+> 

to 


o 


Prom 

Original 

Reading 


OiHvr\vOi-tHCVJ iHO -:d-CVJr-4CVlOCVJOC\ICVlU^r^r^C^^'OOOCVivO 

ooooooo oo oooooooooooooooooo 

s s 


Indicator 

Reading 


QV OJ 0\ CO IN> VTk o CVJ CO vrv o\ Qv O VO VO O CVJ 00 O vr\ CVJ VO O O CO 

VO 0 \ VPk ^ CVJ r^ oo l>- -4- ON 3- 00 VO VO VTk VO <0\ CTv C^ D- vr» rH ev- o 

ONr^vni^C^VP»vO vOrH CVjOOONC^3-OOrHOOOiHC^C*NONOCVJCVJOOvr» 

3- vCN-3- va3- 3- vr\ vr\ vr> c^vo vo [>-vo vtnvo un Cv- i>- vo vr\vo vo vo vo vo vo 


o 


Strain 

Increment 

xl 06 


ON O vr» (On CO rv CVJ O CVJ vrt vrv ^ 00 t^ Cv. ON CTN O CJv 3 O- ON O O- CVJ 

3oOvnvOO~iH ONCVI o-vo 3 3 rH CV-VO VTN vr\cvl CVJ o O ON O ON O 

(H 0-9 f— ( CVj fH CVj cHr—! C*N 3CvJ iHrMpHtHcHf-i iH rH 

e ; St s 1 1 1 1 


-:}■ 


Indicator 

Reading 


cvi O O C*^ CVJ VN O CVJ ON vr\ CVJ CVJ 00 C^ vov C^ C^ 00 O O VTN O OO cv- O 

«H ON CJN VN ONVO VO COO UN ^ vrv CVJ 00 C^ CVJ C^ 00 OO 00 00 iH (On VO O VO 

C»NUN3CVJr^OvO OC^ OCVC^3CVJOOC003C^vOOrHC03CTNrHCVj 

UN UN 3 UN UN UN UN vO un IN- cv- Cv- vO vO vO I>- vO vO un UN vO UN O- vO 


o 

VO 


Strain 

Increment 

xlOO 


3 CJn fH 3 ON ON i-l CD 3 (ON IS- O O 3 00 3 VO rH (Ov op Q 3 CVJ CO 

iH 3 UN «H UN O C»N Cv. O 3 C»N O 3 vD 00 (ON (ON CVJ rH Cv. oO 3 3 3 <^3 3 

CVJCVJ iHCVJON CVJC^ sHCVjCvj 3uN0N CMCvJrHrHrHrHfHiHrHiH 

IS SO 1 1 1 1 1 


o 

CVJ 


Indicator 

Reading 


C*N O ON CO C^ Cv- l>- O (ON £N- 0-3 O O VO 3 (N- o (ON rH O rH 00 O CVJ 

VOrH3rHiH3UN CONOO CVJC-0(ON(ONVbvOUNI>-3vOOOOCVJ(ONVOiHvO 

iH3unc^OOOvO C03 (HOC\Jcnco3uNCJNCVj(ONViNCVJO(ONC^OOC^ 

UNUN3UNUN3UN un un O- (N- IN- vO vO vO un Cv- vO vO un 0- un vO vO C^- vO 


o 


(On jH 3 CVJ VO 3 00 r^oo ON 00 Cv. O VO 00 O C^ SN O CVJ CO rH CVJ CO CVl 

3 VO (ON C^ UN 3 rH rH 00 vO 3 CJN 3 ON OO vO UN UN vo 00 (ON C»N vO UN O vO O 

(On»HUn3C^unvO vOH CvJOT(0NC»N300iH00OirH(»NC^(0NOCVJCvJc0UN 

3 UN^ un 3 3 UN UN UN O- vO vO l>- vO UN vO UN Cv. C- vO UN vO vO vO vO VO vO 


Load 1 


a) o 

t»o o 
C> 


rHCvJ(ON3UNvOCv-CO(ONO rHCVl ON3 unvOO-CO(OnO iHCVJ C^3 unvO IN- 00 ON 

HiHrHrHrHrHrHiHrHrHCVJCVjCVjCVjCVjCVjCVjCVJCVjCVj 


u 

<0 o 
tm 

(d o 
cb cd 


O CVJ VO 

> 00 * IN- ^ 

fH pH pH 



Table X. Original Data 
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Stiffening Eing Breadth - 7/l6” Pare Bending Load Incr-Decreasing April 6, 1950 


o 


From 

Original 

Reading 


OeHr^OpHr4CM ow CsJCNiC^C\lC^rHOOJCNir^CMC\JOOa04t04-:J- 

ooooooo oo oooooooooooooooooo 

0 n e g 1 1 


Indicator 

Reading 


a\rgrcvi^^-t-g^ OVA oor^c^^c^Jvoo^^^vAoc^Jpoc\^c^c^'<^ 

jr sO 0\ CA VA r-g Hi 03 O'- -rt 0 \ -:t CvJ \0 VTv vr\ VA 0\ 00 -3- vO vO (3\ C^- ON 

0\ rH va- 3 tv VANO vOrH CJOOONrA-3oOiHOOOr-JCACAONO<MiHCX3--0- 

^ VA -:J- vr\ ^ 43- vr\ VA VA vO vO two va NO va IV C'- vO va vO vO vO vO vD v» 


1 


43 

a p! 

•H 0) 

a SvO 
U <0 o 

43 j-j 

WOK 
0 
fr-« 


^ ^ CA3- H GO VA C\J A- VACAvOVACM\OVAf-gvOvOtVO\OOvOCslOO-3 

iH Cvi iH CA On ON CM ^ CA CA CA -3 VA O CM vO A- NO CO 00 CO CO CN CO ON 

CMCM iH (Hc-i cMCM3F-3-32r3r3r2r-33r3' 

g g g g o g g g g i i i i 


Indicator 

Reading 


tV3-iHOCACAO VAO |ivr-C>-CDQCJNCMCOCAOCMC7NO-3CMCMOOO 

tv H VO IV -3 -3 VO CJNVO O A- CN- 3- -3 CO C7N C3N O CA CJN CM 00 CA iH CA O 

(A VO VA CA «H <3n VA 00 3 CM IV <3v CA CA (3N VA CM CJN CM CA (A Ov O CM CM OO VA 

VA VA 3- VA VA 3 VA »A vA V vO vO WO VA vO vO WO V 3 WA WA V VA 


i 0 1 21910 


Strain 

Increment 

xl 06 


30NVAON0CAV CAQ vO 00 WA WO V H 3 vO CA CM CM OO 00 iH CA V 

(HCMHCACTnOCM 33 CMCM CAVAOCMVWCJNCTNOpoOONOOC^ 

CM CM H (H H (H CMCM3333333333 

1 g 0 g g g g g i i i i 


Indicator 

Reading 


CA033CMVAVA CA CA CM O CA VA CM CA V V vO vA 00 CM O O CM 00 3 

VOCJWQVA300 VACM 3 fH 00 3 00 CA vO V CM v vO 00 CA V vA O VA C3N 

rHCAVA3(3WVA IV CA CM CO ON CA CA CTv CA O IfV vO CO OO 3 VA W CA CTv 

VAVA3VA33VA va va VvO vO WO va vO vO Cn- vq vO 3 WAvO va V va 


C3N H CA 3 VO CM CM OCA OO 00 O O CA V O vO CA CM CM O Q OO CM CA VA r-l 

3VOOOCAVA3H (H 00 vO CA CA 3 cH WO va VA VA CA CO 3 VA VO CA V CA 

ONi-|va3WAvO vO (H cm 00 on CA3 oo «-g 00 O iH CA CA (A O cm i-i 00 3 

3vA3Vi'v33'A va va V vO vO WO va vO va V V vO va vO vO vO vO vO vo 


1 Load 1 


® . 
tj) o 


fHCMCA3vAvOVOOCAO rHCMcA3 VAvO VOOOnO rHCM CA3 VAvO V 00 CA 

HHf-IrHi-gr-girHrHrHHCMCMCMCMtMCMCMCMCMCM 


Gage 

Factor 


O CM VO 

OO ^ CO . ^ cv, ^ 

o—g I— g jH 



Tatle X. Original Data 
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Stiffening Mng Breadth - 7/l6” '^>6 = .2 Load Increasing April 25, 1950 


o 

'A 

o\ 

C^ 

cn 


Strain 

Increment 

xlOo 


CMC\JOOC^C^VOU^^OOVP\^rH<MC\» 
U-\\0 C^vOC^C^C^OO\OrHvO-:tOO 

iH CM CM rH 

II III 1 


Load Decreasing 


0 From Original Beading 


voo pHpHOOCMC^OvOCM CMcn^CM 
OrHOOOrHOOOOO OOO 

1 till 


Indicator 

Beading 


C^vO 00 00OCM'A-:tCMC^CM00CMC^ 
OvOCTSCO CJ\C^vOvO (HW^'AC^O 
00 O i-l -:»• CJ\ C^vO VPI VTv pH CJ\ i-H C»^ 

vO ^ \0 VD \0 vO 'A'AC^C^vO O- vO 


O 

O 

O 

C^ 

cvl 


Strain 

Increment 

xl 06 


(nD>-'r»0O CM O C^C^C^CJSVOCM 
^ U^vO-:t\0^r\vO CnOWOOO 

pH pH pH 

II III 1 


Indicator 

Beading 


U^COO'AC^OOQOOCMOOC^O'A 
'^CMCMCM\00-3^COCO-^COO\Ovf'» 
OOOTO pHvaO^ xA'AVOCJ\vOO\CM 
•vO ^ VO VO \0 vPv vO VP\ 'trv O- vo vO VO vO 


o 

cvi 

o 

DO 

c— 1 


Strain 

Increment 

xl 06 


cncDv'AOci-pHu^ocv-r^vooc^cn 
^^VO VI^VONOVO I>-u^pH O^OvOCO 

iH CM .H 

II III 1 


Indicator 

Beading 


OOOC^OOCMvOCMOO^CJ\«HOO-;i-C*^ 

O CV- CV. c^\0 O pHC^CM U^CJVC^Cv. 

0\OT<3\OvOOu-\\r»vO'AOO^I>-rH 
\0 vpjvo vO VT\ vO ^ vr^ VO vO VO vO 


OC^OOOOvOCMOOC<M>-OOvOoO 
C^O CM Cv-\r^pHO Cv-CM O O-OsOvO 
<7sOCO<jNCv-cMvOC*^Cv.vrivrvO C*^0 
vO vr»vPkxr%vo 'A'O cr\ £>- \o vO vO vO 


o 


Strain 

Increment 

xl0° 


<HOC^CJNv0IS.C]0O-:i- iHQC^C^O 
CM l>- vO VOy -J CM 0- CM tH -3‘ (TV VO CXD 

pH I — 1 1 — 1 

II III 1 


5 

CJ\ 

pH 


l>-C?\^vO rHQvrv-ct pHCX) vr\rH\p jn- 
cnpH^ p^J:J■^c^v^eM c^ocn^'A 

pHpHpHpHpHpHpHpH CA-:^- CA pH 

II 1 1 1 i 1 


o 

o 

o\ 


Indicator 

Beading 


C*^Cv.CM00v0l>-Cv-pOv0vr\CDI>-O 
-:J-CM C7NCM OsCMvOJCJNrH pHCJwOCJv 
C7\CJ\00 OVO pHU^3-vO ^I>-CM cj^O 
vO vrv vO vO u^vO '^cts^-vOvOvOvO 


O'ACACM rHCMOOCACJv C^IN-vO O 
OOO u^C^(AI>-0 pHCArH^O^AO 
C?\op (J\OvO O w^u^vO 'AOO'AC^CM 
VO cfvvo vO VT\ vO ■LTV vO vO vO vO 


o 


-itC^CJNCjNCM^vOO-^^cr^pHOO 
vOCJ\CMvOj;i-OOM>-rHO Cv-OQ pH 
C7\C^0O ONl>-CM vr\C^cv.\r\vApH^ O 
\Q 3" vr\ covo »Avo vrv O- \o vO vO vO 




>A'0 l>-00 CJ\ 
pHCMCA^w^vOC^OOCTNpHpHpHpHpH 


Load i 


© • 


vr^vo c-oo (Jn 

rHCMC^S^crwOO-OCSCJVrHrHrHrHpH 


Gage 

Factor 


l>- CM 

Cw OO _ 


!>. CM 


« ^ ^ 

pH pH 


rH rH 



Table XI. Original Data 



.# *■ -V 






•• 










ii t I 



« f 






^ • 





128 




Table XI. Original Data 
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stiffening Ring Breadth - ?/l6" V6 ” .5 Load Increasing April 25, 195 O 

Load ~ ,0 I 9070 i 18130 ! 27040 I 3^945 
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a 
0) 

Svo 

<D 0| 

CO u H 
d 



d 

■H 

-M 



O 

4-> ttO 

d d 

O oH 
•H 'Cf 

-d d 
d u> 
i-« rt 



■p 

d d 

■H (D 

d Bvo 
M 0 ) O 
■P rH 

Z> O H 

d 



o 

P (iO 
d d 
V ’H 
•H »d 
■d d 
d 0 ) 
t- a pti 



d d 

vH 4) 

•c Svo 
M 0 ) o 

p d 

CO o ►sj 
d 



d 

o 

P t>D 

d d 
O -n 

-r-l "d 

■d d 
d <i) 
Pi 



d d 
■H gvo 
d ® o 

d d 

P O 

» d 

n 



d 

O 

■o 

d 

o 

•d 

d 



()0 

d 

■H 

•C* 

d 

® 

PI 



d) > 

o 

d 5 ^ 

cS 



d 

® O 
t® 43 
d V 
C) d 



C-OCOCM •HfHCOC^vOcn'AOOrHON 
v/^voaovoco C^OO-VOCVIOOCM ^C»l 

p 4 CNi I— j 

9 i 10 8 i 



'AOoOOC^'ACVixo^O C^vO 00 C^ 
-d‘<?\(7\vOOOd- «H(H0«-0\00O 
^-vblr^c^^c^op^^c^-d■u^cf^^^Of^ 
vOd'vO'OvO^'O vr\\r>c^c^c^c^\o 



OOC^iTV'OOO-dd-jHd-COvOtSiHOO 
vO vO Os C'- O CO GO O C^ CNJ O vr> vO 

CM CM tH 



CMOOOOd-sOOCOsOOrHOCMCO 
OVSfHCJssO «-»crkC^C^Cs-OCOCJ\CM 
00 ON- rH (H -3- Q\ COvO VA CM (30 CX> jH 
sO 3- SO SO SO 3- vO vA'ACs-C^sOsOsO 



OOC^Oi-lrHrHCJ\OCAOCA3-0\ 
C^Cs-OsCVOCX) < 3 sCO(X 3 CM <-<\OvOCA 
*H CM CM iH 

0 II 0 (I 0 0 



0 CACs-(ACM 03 -C^ 0 CMVArAf-l 0 
C^rH^-ICMC^O^- 3 ■<H 3 ‘C^.CMCACrs 
OO CQ C3 rH'AO-d-'AsOvrvossOCs-O 
SO 5 SO SO SO VA sO VA \A rs-vj) sO sO sO 



OC^ 3 - 3 -'ACs.sOCOOCV'AOOCA 
CA«-I(^<X 50 .CM (ACOCAHOsOCs- 3 - 
r~\ irH CM CM fH 

i i 8 E 0 0 



O O fs CA ^ VA CO O O'. SA O Cs- t-i 
3-COCM vao-OOsOM^osiHCOsOsO'A 
C 7 S( 300 sOsOOVA 3 ‘sOVA<N.rA'AO 
sO ^ vAsO sO sTjso VA VA Cs- so SO SO SO 



( 30 iHOOCMOOrs.oo 
V - ^ V, ^ OOCS-CJOCOOCTSO 
(OsOOO CJSCS-CMSO CACs-VAVArHCAO 
sO VA VA vAsO VA sO VA vA Cs- sO sO sO sO 



O C> SO (Js 
O ^ SO 



VAsO P^(X> (?s 

r-l CM CA-d- VAsO CS-(X5 CJs (H «-« »H 



«H (H 



CS. 



CM 

(X) 



<ri 

a 

a 

d 

C 

5J 



d 

ol 

o 



d 

d 

t(D| 

d 

O 

a 

o 

d 



OOOsOOsCMCMd-CAOCMCMOC^CM 

OOOOOrHOOOOOOOO 

9 1 I II II 



OOOOOOOVAO.OOCOOOSO 
{VOCMsOvACMOsOCMOC^OCAO 
CJsOOOCJsCs-CMsOCACs-vA'AfHCAO 
SO VA VA VA sD VAsO A A CV so sO sO sO 



3- I-HC30CM CS-0OCS-3-CA CAsO C^ rH 3" 
(AfA<03- CJsAsO C^3- vAOspOOsO 
j“li— lrH»-<rHrHrHrHr-l C**i 2F CA 

II I I I I I I 



CJS'-IO(X30CAOSf-ICAQOiHCMtA 
Cs-CMiH(HOOOCs- 3 ^rH^CJsCMCA<>s 
(SOCOOnvAOd-AsOACTssOCs-O 
SO 3" SO SO SO A SO A A C^sO so sO sO 



a 



A'O CS-CO Os 
CSJA3-AsOCs-(X)C?SrHr-lr-lr-l*H 



Cs- 

t>- 



CM 

00 



Table XI. Original Bata 
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o 

VA 

ON 

rH 


o 


strain 

Increment 

x1Q6 


(AONCNi rHVAVAOVOONOO IN.CVi ONrH 
CACVJOJ ^CNjCNi H CMCVJONiH 

rH 

0 9 0 9 0 


'O 


o 






CNJ 


o 








3 


o 

^ 5P 




«H 




d d 


OOCOO iHVAVACViJS- e^VAVACVi O tVJ 


u 




O "H 


OOCVisOOrONVAOOQOOC'-vOOOON'A 


d 




^ id 


OONCV.O.OO r-HvO-d'A-iJ'-d' itHD^^ 


<J 




id d 


O- ^ vAVAvO vAnO vavACv-vOvOvOvO 






d d 








p« Id 








-p 








d d 








oH ® 








d avo 


VACOVAffHVACA^OOrHVANOC^O rH 






M d o 


CMiHHI OjHirH iH (MCNJOrH 






+» d r-i 


rH rH 






OT O M 


0 0 9 0 0 9 






d 




cm 


o 

vr 


►H 








d 


O 


u 








o 




0) 




■p cm 




d 




d d 


VAC^CViOOOCVjOOOOCACViO rHrH 


d 




O »H 


VA VA 00 C^vaoOvOOnnOoO OnnO On^ 


IH 




<vH t:! 


OQnC^OnOO (HvOCAC^-^-d- (H\0 CA 


o 




'll d 


C^3- VAVAvO VANO vavaCv.\OnOnOnO 


d 




d d 




»-9 




n Id 




Tl 




p 




d 




d d 




o 




•H 0) 




p 




d avo 


OVAOO-d-NOONOOOONCVlVA^ 1-HCA 






»-* d o 


CarHrH CVJ rH CVNOrH 






p h H 


rH rH 






OT O K 


0 0 9 0 9 0 






d 






o 


rH 














o 


Pi 






cvi 


O 






cvj 


p cm 








d d 


OVACN-rHVACAoOOC^oOOOvO rHO 






U °<H 


cAC^ONCv-cvi ONdroNVAoo hicaonca 






.H »d 


OQNC^ONOOtHNOCAC^-d-VArHVACM 


cm 




id d 


CN- -d" vavanO vt^vOvavaCv-nOnOnOnO 


d 




d d 








HH (d 












d 




-p 




d 




d 




p 




d d 








»H S\0 


OCACAtHOOO O-OnOVAC^OJ OCM 


d 




d d o 


CACi rH CACVi CNJ Cvl CVi Oi O rH 


IH 




Pi Pt rH 


rH rH 


p 




4> O K 


0 0 9 0 9 1 


A 




w d 






o 


Ml 






o 

o 








SI 



Xi 

■p 



o 

•P (U) 

a a 

O -H 
»H 'ri 

d (D 
n rt 



oo'A\r\o\c\jpocpoc^cvioc^ 

iH0\iH^«-0\O-T00^QS^ iHQ\iH 
OqsOOOVtVC'JvOC^Cv.^'AiH-d- iH 
U^vAvO 'AvO va'AP'-'OvOvOvO 



OCA0Q\0«-«CViCAiHicn'AOOO'A 
OOiHCQO-VOCVi r-«e^CQO\Cv.O\0\0 
0\000 OstS-CVivO CAIN-^ VAO CAO 
\0 vavAvavO vavO vavaC^vOvOvOvO 



Pq 

a> 

•H 




a> 



d 

<D 

■P 

OT 



0> O 
cm -P 

d o 
P d 



IN- 

C^- 



CM 

00 



s 

•Q 



d 

O 

s 



^OOaC^ifAr^r^O<^iOO CA^ ^ 

oooooooooooooo 

9 9 11 C I I 



«0 

d 

<B 

u 

o 

0) 

p 



o 



vOCAOOOoOCACVi «H\OVAOI>-vO iH 
C^rHCAC^VACVi CNCVOOOOO 

OsOOO OsC^CVivQ (AC^^J- VAO CAO 
vO 'A'AVAvO 'A\0 VAVAC^vOvOvOvO 



t 

o 

p 



COO-nHiH rHvOCArHvO^O-^-CM^ 

XA^^ 00 CA-d- <H (A VACAC^Os 

rH rH 

I It III III 



O \A*HO-d- rHO\CAiHO\'AOOCOOO 
CA t>- O Cv-iHO\rAO\'AC^rH3r rH VA 
O ONOOO\<n rHvOCAO-^ 'ArHvOCNi 
'A^A'S 'AvO >A'AC^vOvO'0'P 



XAvO C^CO 0\ 

<H CQ CA^ v/S\0 C^OO ON rH rH rH rH < 





Talkie XI. Original Data 
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FIGURE XXV 
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Figure XXV 
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STRAIN, MICRO-INCHES PER INCH 




\ 3 - 2 . 



Figure XXVI 
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Figure XXVIII 




LOAD 



-300 -200 -100 



100 



STRAIN, MICRO-INCHES PER INCH 
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Pigure XXIX 



load, kips 




STRAIN, MICRO-INCHES PER INCH 



Figure XXX 
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Figure XXXI 




STRAIN, MICRO-INCHES PER INCH 





Figure XXXII 



LOAD, KIPS 
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20 
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STRAIN, MICRO-INCHES PER INCH 
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Plgure XXXIII 




o 

o 

<0 



o 

o 

lO 
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o 
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o 
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STRAIN, MICRO-INCHES PER INCH 
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Pigure XXXIV 
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Plguro XXXV 




STRAIN, MICRO-INCHES PER INCH 
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PlgUT® XXXVT 




0 100 200 300 I].00 



STRAIN, MICRO-INCHES PER INCH 



Figure XXXVII 
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LOAD, KIPS 



FIGURE XXXVII 




STRAIR, MICRO-INCHES PER INCH 





« 




1 



- 144 - 



Plgure XXXVIII 
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STRAIN, MICRO-INCHES PER INCH 
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LOAD, 

50 

i|.0 

30 

20 

10 

0 



Figure XXXIX 
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Two flat plate test specimens were prepared in accordance with 
the specifications of the A, S, T. M,, one from an excess portion of 
the original bean, the other from material corresponding to that used 
in the flat bar stiffening ring. These v;ere tested in a 60,OCX) pound 
Baldwin-South'.7ork hydraulic testing machine. Hurgonburger Tensometers 
were attached to the specimens and readings of strain were made at 
each load. From the load vs. strain plot of each specimen, Figures 
XL and XLI, the modulus of elasticity and the approximate yield 
point were obtained. 

The raultiplicntion ratios for the Tensoneters v;ere as follows: 

No. 69 325 



No. 71 



330 



TABLE XIII 



LoJid, 

Lbs, 



1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

10000 

12000 

UOOO 

16000 

17000 

17700 

17500 

17200 



TEIJSILF. TEST r>PF.CI.-iF.M CUT FP.Q?4 



STEEL BEAM 



Hugf;enbiirger 

Readings 



Avg, Elongation 

Reading xlO*^ 



H - 69 


H - 71 


.02 


.03 


.05 


.065 


.08 


.10 


.12 


.125 


.15 


.155 


.175 


,180 


.21 


.21 


.24 


.24 


.26 


.26 


.30 


.30 


.355 


.355 


.425 


.U5 


.48 


.47 


.52 


.50 


.55 


.52 


.55 


.51 


1.20 


1.20 



025 


.077 


0575 


.176 


090 


.275 


1225 


.375 


1525 


.466 


1775 


.543 


21 


.642 


24 


.735 


26 


.795 


30 


.9175 


355 


1.085 


420 


1.285 


475 


1.453 


51 


1.560 


535 


1.637 


53 


1.620 


20 


3.67 



Area of crons section 0.361 sq, in, 
Aporoximate yield load 17,700 Lbs. 
Approximate yield point 49,000 psi. 
Modulus of r.lasticity 30,3 k 10 psi. 
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Figure XL 
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TABLE XIV 



TKTJSILE TEST SPECI’>IEH 
CUT raOM FLAT BAR 



Load, 


Hugfonbiirger 


Average 


Elongation 




Readings 


Readings 


xlO^ 




H - 69 


}I - 71 






0 


-.10 


-.10 ' 


I 

. 

O 


-.0306 


1000 


-.03 


-.12 


-.09 


-.0275 


2000 


-.05 


-.10 


-.08 


-.0245 


3000 


-.03 


-.07 


-.05 


-.0153 


4000 


-.00 


-.05 


-.025 


-.0076 


5000 


.02 


-.04 


-.02 


-.0061 


6000 


.05 


.00 


+ .025 


+ .0076 


7000 


.07 


.01 


.04 


.0122 


3000 


.10 


.045 ‘ 


.0725 


,0222 


9000 


.U5 


.05 


.0825 


.0252 


10000 


.150 


.08 


.115 


.0352 


12000 


.19 


.U5 


.167 


.0512 


14000 


.23 


.130 


.205 


.0670 


16000 


.275 


.230 


.252 


.0772 


13000 


.33 


.27 


.30 


.0917 


19000 


.35 


.230 


.315 


.0963 




Area of cross section . 


500 sq. in. 






Approxinnte yield load 


19000 Lbs. 






Aoproximtc yield point 


33,000 psi. 






Modulus of 


Elasticity 


28,23 X 10^ 


psi. 
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Figure XLI 
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FIGURE XUI 
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Figure XLIII 
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12869 

Efird 

Stress concentration 
in a beam with a rein- 
forced elliptical dis- 
continuity. 



12869 

Efird 

Stress concentration 
in a beam with a rein- 
forced elliptical dis- 
continuity. 



